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LAKE LAHONTAN: GEOLOGY OF SOUTHERN CARSON DESERT, NEVADA

By R. B. Morrison

ABSTRACT

This report presents a stratigraphic study of an area of
about 860 square niiles in the southern part of the Carson
Desert, near Fallon, Churchill County, Nev. The exposed rocks
and surficial sediments range in age from early Tertiary(?)
to Recent, The late Quaternary sediments and soils were

especially studied: they furnish a detailed history of the fiuc-

tuations of Lake Lahontan (a huge but intermittent late Pleis-
tocene lake) and of younger lakes, as well as a history of late
Quaternary sedimentation, erosion, soil development, and ecli-
matic change that probably is representative of the northern
part of the Great Basin.

The Tertiary rocks are divided into five main map units.
The lower three are chiefly lavas: the Miocene or older andesite
of Rainbow Mountain and dacite of Rainbow Mountain, and
the Eagles House rhyolite of Miocene to Pliocene age. The
Truckee formation, which overlies these, consists of tuff, tuf-
facious sandstone, gravel, diatomite, and limestone, and contains
lower Pliocene fossils. The youngest and most extensively
exposed unit, the Bunejug forination, is mainly andesitic and
basaltic lavas of Pliocene and possibly early Pleistocene age.
Generally it overlies the Truckee formation with an angular
unconformity, hut in the south its lower part may intertongue
with the Truckee formation. .

All the Tertiary rocks are cut by high-angle normal fauits,
and commeonly are more or less tilted. The degree of deforma-
tion increases with age of the rocks, showing that faulting was
fairly continuous. The earlier Tertiary deformations were
mostly compressional, with notable strike-slip faulting, but
Quaternary faulting was dominantly tensional. Few of the
older faults are exposed; most exposed faults date from two
climaxes: the first in late Pliocene or early Quaternary time,
and the second probably also in relatively early Quaternary
time—tiong before Lake Lahontan time. During the interval
of relative quiescence between these two climaxes, extensive
pediments formed at the edges of the mountains. The main
faults were active repeatedly, and as most of them bounded
mountain blocks, relief was increased progressively to a maxi-
mumne: at the close of the second climmax. Subsequent erosion
and sedimentation have been more rapid than faulting and have
progressively lowered the mouniéains and filled the basins.

The Carson Desert, long a major drainage sump of the north-
western Great DBasin, containg Quaternary sediment probably
more thau 1,000 feet thick in places, It is one of the largest
and deepest Dbasing of northern Nevada inundated by Lake
Lahontan; its floor lies as much as 515 feet below the highest
shoreline. The area mapped covers the whole range of lake
fluctuations from highest to complete desiecation. The exposed
Quaternary deposits, exclusive of voleanics, comprise seven main
units which are, from oldest to youngest: (1) Iacustrine sedi-
ments of pre-Lake Lahontan age; (2) subaerial sediments and

soil of late pre-Lake Lahontan age; (3) deep-lake sediments
and minor amounts of intertonguing subsaerial deposits of early
Lake Lahontan age; (4) subaerial sediments, soil, and inter-
tonguing shallow-lake sediments of middle Lake Lahontan age;
(3) deep-lake sediments and minor amounts of intertonguing
subaerial deposits of late Lake Lahontan age; (6) subaerial
sediments and soil of early post-Lake Lahontan age; and {7)
subaerial sediments and intertonguing shallow-lake sediments of
late post-Lake Lahontan age. Only the deposits of Lake Lahon-
tan and younger age are widely exposed.

Pre-Lake Lahontan history is fragmentary, hut Lake Lahon-
tan and post-Lake Lahontan history is fairly complete. A lake
older than Lalke Lahontan is suggested by a single exposure of
lacustrine sediment. After deposition of this sediment, a long
interval of lalke recession or desiccation ensued, during which
all lakes remained at least 420 feet below the maximum level
of Lake Lahontan. During early Lake Lahontan time the lake
reached its maximum level of 4,380 feet, receded briefly to at
least as low as 4,100 feet, then rose again to 4,340 feet, In
middle-Lake Lahontan time the basin intermittently was dry
and held shallow lakes. During late Lake Lahontan time the
lake had 3 maximums and 2 recessions; first it rose to 4,370
feet, then dropped to at least 3,990 feet, then rose to 4,190 feet,
then dropped at least to 3,900 feet, and then rose a last time
to 3,990 feet. During early post-Lake Lahontan time the hasin
generally was completely dry, and during late post-Lake Lahon-
tan time five successive small lakes, having maximurn depths of
15 to 85 feet, occupied parts of the basin floor.

The writer's deductions on the lake history give no support
to J. C. Jones' (1925) interpretation of a single lake cycle
gstarting a mere 2,000 year or so ago. These deductions agree,
however, with most of Russell’s (1885) and Antevs’ (1945, 1948,
1952} conclusions. The writer’s belief that Lake Lahontan bad
muttiple maximums during both early and late Lake Lahontan
times supplements both Russell’s and Antevs' interpretations;
that the lake dried completely in middle-Lake Lahontan time
is contrary to Antevs’ interpretation hut in line with Russell’s;
and that the lake reached its highest level in early Lake Lahon-
tan time is as Antevs inferred, hut contrary to Russell’s
conclusion.

It now seems possible to correlate the later Quaternary strati-
graphic units of the Carson Degert with those of the Lake
Bonneville and Sierra Nevada areas, largely by means of soil
stratigraphy. The successions in all three areas have similar
soil sequences, in terms of relative age and relative develop-
ment of the soils. The physical record in each area indicates
that the soils formed during distinet widely separated intervals,
in response to infrequent combinatious of climatic factors that
induced erosional stability and a more rapid rate of chemical
weathering than normal. The most strongly developed soils
formed during the main intervals of lake desiccation and de-
glaciation; weaker soils formed during the shorter recession

1



2 LAEE LAHONTAN: GEOLOGY, CARSON DESERT, NEV,

intervals ; soil-profile development at other times was inappreci-
able. The soil-forming intervals were periodically repeated
parts of whole climatic cycles—mainly fluctuations in tempera-
ture and precipitation—that are manifest in the Quaternary
sequences of each area. The climatic cycles, and the deposi-
tional and soil-forming cyeles induced by them, probably were
virtually synchronous over the entire Rocky Mountain to Sierra
Nevada region because the whole region probably acted as a
climatic unit during the Quaternary as it does mow. Thus,
soils of similar relative age and development in the four areas
are assunted to have formed contemporaneously. Because they
formed during generally shorter intervals than the intersoil
sediments, they are considered to be more precise time-strati-
graphic markers. The stronger soils are readily recognizable
in the successions of each area and are the most reliable and
useful markers; they provide the basic framework for correla-
tion. The sediments and weaker soils intermediate in age
between the main soils are correlated by matching those units
that record depositional cyecles, or parts of cycles, of similar
relative age and similar climatic genesis; that is, units record-
ing early lake cycles are matehed with each other and with units
recording early glacial cycles; likewise, lake-recessional units
are correlated with glacial-recessional units.

By this method the Cocoon soil is correlated with the pre-
Wisconsin soil of Hunt and Sokoloff {1950) in the Lalke Bon-
neville and Rocky Mountain areas and with the soil of pre-
Tahoe age (of Blackwelder, 1931) in the Sierra Nevada; the
Churchill seoil is correlated with the middle Lake Bonneville
s0il and with the s0il of inter-Tahoe Tioga age (of Blackwelder,
1931) in the Sierra Nevada., The Toyeh soil is correlated with
soils of post-Lake Bonneville and post-Tioga time. The deposits
intermediate in age between these main soils are correlated as
follows: The Eetza formation is correlated with the Alpine
and Bonneville formations of the Lake Bonneville nrea, and
with the deposits of the Trhoe glacial stage in the Sierra Nevada,
The Wyemaha formation is correlated with subaerial deposits
of inter-Bonneville-Prove age in the Lake Bonneville area and
with disconformities of inter-Tahoe-Tioga age in the Sierra
Nevada. The Sehoo and Indiau Lakes formations are correlated
with the main part of the Provo formation of the Lake Bonne-
ville area, and with deposits of the Tioga glacial stage in the
Sierra Nevada, 'The Turupah formation is correlated with
deposits of Antevs’ altithermal age (2000 to 5500 B.C.) in the
Great Basin, The Fallon formation is correlated with deposits
of Antevs’ medithermal age in the Great Basin and with deposits
of Matthes’ Litfle Ice Age in the Sierra Nevada.

These correlations, if valid, lead to several general deductions
about regional Quaternary events:

1. The fluctuations of Lakes Lahontan and Bonneville were
similar and synchronous.

2. The fluctuations of both lakes paralleled those of the gla-
ciers in the Sierra Nevada ; when the lakes were high the glaciers
were extensive. The more complete record in the basins gives
indirect evidence of glacial oscillations not yet recognized in
the mountains.

3. Lake Lahontan, and probably Lake Bouneville, dried up en-
tirely during a long period between the two major deep-lake
intervals, and the Sierra Nevada was probably then completely
deglaciated.

4. The major lake rises were caused by inereased runoff and
decreased evaporation and transpiratiou during a cooler and
wetter climate than the present cne. The climate during the
maximums of the main intervals of lake desiccation was prob-

ably warmer and drier than at present, but during the later
parts of these intervals, when the stronger soils formed, it
probably was warmer and wetter.

INTRODUCTION

This report describes the geology of the southern
part of the Carson Desert, near Fallon, Churchill
County, Nev. The rocks exposed range in age from
early Tertiary(%) to Recent. All were mapped and
stucdied, but the main emphasis was placed upon the
late Quarternary deposits, especially those of Lake
TLahontan.

Lake Lahontan is used here in the sense used by Rus-
sell (1885, p. 250-253, 270}, as the series of deep-lake
fluctuations (lake cycles) of Pleistocene age whose
deposits and shore features are prominently exposed
in the highlands, together with intervening lake reces-
sions, but excluding earlier lake fluctuations that are
poorly recorded, earlier lake recessions, and subsequent
very shallow lakes of Recent age.

Quarternary stratigraphic research has been mostly
in continental areas draining to the ocean, where the
deposits record only part of the time they embrace:
such areas generally either received no sediments or
were being eroded during long intervals of the Quater-
nary. In contrast, the terminal basins of the larger
rivers of the Great Basin preserve a virtually complete
depositional record of later Quaternary time, because
no sediment has been lost by exterior drainage. The
Carson Desert is the sink for nearly 60 percent of the
Lake Lahontan drainage area. The area mapped ex-
tends from the lowest parts of the basin to well above
the highest shoreline of Lake Lahontan ; thus not only
the larger late Quaternary lake fluctuations may be
determined, but even minor low-level ones and minimum
levels of lake recession and desiceation; hence, the
record is uncommonly complete in detail. Key data are
provided for problems in climatology, pedology, arche-
ology,and ecology.

LOCATION

The area lies in Churchill County, Nev., and is
bounded by lat. 89°14’30’" and 39°45’ N, and long. 118°-
28’45 and 119° W. (fig. 1). It includes about 845
square miles in the southern Carson Desert, which is the
largest intermontane basin in the northwestern Great
Basin, and parts of several small mountain groups and
small basins to the south, southeast, and southwest. It
embraces the Stillwater and Carson Lake 15-minute
quadrangles, most of the Fallon quadrangle and the
southeastern two-thirds of the Soda Lale quadrangle
(pls. 2-6).
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FIGGRE 1.—Map showing location of report aren nnd area inundated by Lake Laohontan.

FIELDWORE

Fieldwork started in June 1947 and continned inter-
mittently through the fall of 1950. John C. Reed, Jr.,
Mrs. Margaret M. Wheat, Calvin C. Covell, William N.
Gilliland, Henry H. Woodard, Jr., Steven S. Oriel, Miss
Helen M. Herald, and Henry J. Moore 2d assisted at
various times.

The Carson Lake and Stillwater quadrangles were
mapped on aerial photographs of 1:2,000 scale. The
Fallon and Soda Lake quadrangles were mapped in less
detail—mostly on aerial photographs of 1: 24,000 scale.
Aerial color phototransparencies of 1:12,000 and 1:6,000

scales gave additional help in some areas. Special field
methods used for study of the Quaternary deposits are
discussed on pages 17-18.

Good topographic maps were not available until after
the geologic mapping was completed. The ouly top-
ographic maps available during the mapping were of
the Carson Sink quadrangle, scale 1: 250,000 with a 100-
foot contour interval, and special township topographic
maps, scale 1:15,840, surveyed in 1903-05 by the former
Hydrographic Branch of the U.S. Geological Survey.
The township maps have a 5-foot contour interval and
cover two-thirds of the lowlands of the map area, but
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they do not extend mto the highlands. They aided
in determining the altitudes of the shorelines of low-
level lakes, but their primary ground conirol was too
unreliable for use as a mapping base. To obtain neces-
sary vertical control to determine shoreline altitudes,
about 25 miles of lines of levels were run along the high-
land shores of the Carson Lalke quadrangle.
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Carson Irrigation District; William H. Slattery, area
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PREVIOUS WORK

The earliest account of the geology of the Carson
Desert region is the narrative sketch by Henry Engle-
mann, geologist for Capt. J. H. Simpson’s expedition
of 1858-59 (én Simpson, 1876). Englemann apparently
was the first to recognize the shore features of Lake
Lahontan as evidence of an ancient deep lalke.

The first systematic geologic investigation of the
region was the geologic exploration of the 40th parallel,
under the direction of Clarence King, assisted by
Arnold Hague and S. F. Emmons (King, 1878; Hague
and Emmons, 1877). The area mapped for the present
study lies mostly south of the area mapped by Hague
and Eminons. King gave Lake Lahontan its naine,
after Baron LaHontan, an early adventurer and ex-
plorer of this region. I{ing discussed the ancient lake
featnres, and gave a map showing the maximum area
inundated. He postulated two deep-lake periods, sep-
arated by an interval of major recession or complete
desiccation; this postulate was based on a hypothetical

chemical history of the tufa deposits, which he believed
to be pseudomorphic after gaylussite that was deposited
on the recession of the first lake c¢ycle. He thought that
the lake probably overflowed at its highest levels for,
although he knew that Lake Lahontan had no outlet
in the area examined, he believed reports of an outlet
to the south. King grouped most of the Lake Lahontan
sediments with his Humboldt Pliocene formation and
some with his Truckee Miocene beds.

The classic study of Lalte Lahontan by Israel C.
Raussell between 1881 and 1883 was published as T.S.
Geological Survey Monograph 11 (Russell, 1885).
Russell and his assistants, Willard D. Johnson and
W. J. McGee, covered in reconmaissance the whole Lake
Lahontan basin, more than 20,000 square miles, noting
both geomorphic features such as beach terraces, bars,
and spits, as well as the stratigraphy of the lake depos-
its. Russell’s interpretation of the lake history has
proved generally correct.

In the river trenches Russell observed two zones of
lake clay and silt (“upper lacustral clay” and “lower
lacustral clay?’) separated by a zone of fan alluvium
and lalke gravel and sand (“medial gravel”) and cor-
rectly inferred two deep-lake periods separated by a
long interval of probably complete desiceation. From
detailed mapping of shore terraces and spits in several
localities, he reasoned that the highest level of the first
lake cycle was about 80 feet lower than that of the
second ; evidence for a contrary interpretation is given
on pages 64-65 of this report. Russell determined that
that lake did not overflow at any time.

Russell’s study is the only one that has covered the
whole area of the ancient lake. Several geologists later
studied parts of the area, notably J. C. Jones (1925,
1929), Ernst Antevs {1925a), and G. M. Stanley (1949).
No geologic mapping was published from any of these
later studies, but Antevs published detailed strati-
graphic sections of lake sediments exposed in the valleys
of the Truckee and Humboldt Rivers.

D. F. Hewett in 1922, and R. W. Richards in 1946,
made brief reconnaissances of the oil and gas possibili-
ties of the Fallon area for the U.S. Geological Survey.
No reports of these investigations have been published,
but the field records and logs of oil and gas test wells
and water wells have been helpful in this study.

GEOGRAPHIC SETTING

The arid desolation of the Carson Desert area outside
the irrigated farming district appeals to few people,
and indeed repels most. Few parts of the United States
have so starkly forbidding an aspect of parched low-
lands and somber mountains, with only the scantiest
verdure.
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MAJTOR LANDFORMS
CARSON DESERT AND ADJOINING BASINE

Carson Desgert, the intermontane basin surrounding
Carson Sink and Carson Lake, is the largest intermon-
tane bagin in northern Nevada. This basin is elongate
northeastward, and is 70 miles long and 8§ to 30 miles
wide (pl.1). Itisthe southern part of a northeastward-
trending trough 125 miles long, and is separated by
only a low divide from Buena Vista Valley, the northern
basin of this trough. Most of the Carson Desert is
below an altitude of 4,000 feet. The highest large area
of interior lowlands is an old delta that borders the
valley of the Carson River near Lahontan Dam, at an
altitude of about 4,100 feet. The lowest parts of the
basin are: Carson Sink, a playa 20 miles in diameter in
the northern part of the basin at an altitude of about
3,860 to 3,880 feet; Carson Lake, a large shallow lalke
in the southern part of the basin at an altitude of 5,908
feet; and the Stillwater Lakes, a chain of small lakes,
ponds, and swamps that extends 20 miles southwest-
ward from Carson at an altitude of about 3,870 to 3,880
feet.

Carson Sink is nearly level, varying less than 10 feet
in altitude in 20 miles across its central part; it is com-
monly heavily salt encrusted, and is completely barren
except at the mouths of the Carson and Humboldt
Rivers, where patches of saltgrass are watered by inter-
mittent overflow. On the west, north, and east the sink
lies close to the piedmont slopes of the bordering moun-
tains, but on the south and southwest 12 to 34 miles of
lowlands mtervene. Although the local relief is small,
the lowlands are rough in detail and have a topography
peculiar to areas of strong wind action.

The lowlands away from the river flood plain consist
of irregular sandhills, sand plains, and clay flats. The
sandhills are mostly dunes; some are stabilized and
others active. Locally they malke up three-fourths of
the terrain and rise as much as 50 feet above the
general surface; elsewhere they are few and small, or
lacking. The strongly developed dunes commonly form
discontinuous long parallel ridges that trend east-
northeastward, and are separated by bare flats or shal-
low deflation basing. The clay flats are scattered, but
they are most riumerous and largest near the sink.

Through this complex the Carson River has formed
its flood plain. At Lahontan Dam the flood plain is
incised 120 feet below the general surface, but the river
trench gradually becomes shallow downstream. About
414 miles west of Fallon the trench is only a few feet
deep, and the flood plain fans out over an area of 120°.
This lower flood plain, shaped like a ragged fan, merges
downstream with the almost level plains—former lake

floors—that border Carson Lake, Carson Sinlk, and the
Stillwater Lakes.

Interrupting the lowlands south of the Carson Sink
are three low volcanic hills: Rattlesnake Hill, the Soda
Lakes uplift, and Upsal Hogback.

Several side basins extend southeastward to south-
westward from the main basin between the bordering
mountains: Salt Wells Basin, the largest, is 16 by 6
miles and floored mainly by playas (Turupah, Eight-
mile, and Fourmile Flats) ; the basin drained by Dia-
mond Field Jack Wash is 12 miles long and 3 to 6 miles
wide, with Bass Flats at its northern end; the basin
drained by Sam Spring Wash is also included with these
side basins.

HIGOHLANDS BORDERING THE BASINS

The nearly straight Stillwater Range (formerly
called the Paiute or Pah-Ute Range) bordersthe Carson
Desert on the east. The north and central sections of
this range are 4 to 10 miles wide; the highest of the
peaks above an altitude of 8,000 feet is Jobs Pealk
(8,806 £t). South of Mountain Well the range is lower
and wider and consists of several parallel ridges from
which a small spur extends into the map area.

Along the south and west borders of the Carson
Degert are several groups of low mountains that have
crest altitudes of 4,500 to 6,000 feet: the Lahontan,
Bunejug, Cocoon, White Throne, Desert, Dead Camel,
and Hot Springs Mountains,

CLIMATE

The Carson Desert is one of the driest and warmest
parts of northern Nevada, owing to its moderate alti-
tude and its position in the rain shadow of the Sierra.
Nevada. The climate is continental in the extreme, with
warm summers, cold winters, wide diurnal temperature
range, and relatively wide fluctuations in annual rain-
fall. Cloudless skies are the tule, strong winds are
frequent, and evaporation is high.

Precipitation—Meteorologic records for Fallon and
Lahontan Dam are given in tables 1 and 2. The mean
annual precipitation at Fallon during the 55-year rec-
ord prior to 1952 was 4.95 inches. Three-fourths of the
precipitation falls between December and May. Asin
most arid regions, annual precipitation varies widely
from year to year: extremes of about 2 and 8 inches
Lave been recorded. At Lahontan Dam the mean an-
nual precipitation for the 44-year record prior to 1952
was about 4.35 inches; extremes have been about 1 and
9 inches. Precipitation in the surrounding mountains
is undoubtedly higher but has not been recorded. Even
the higher parts of the Stillwater Range contribute
little runoff, however, because of the small drainage area



(] LAKE LAHONTAN: GEOLOGY, CARSON DESERT, NEV,

TApLlE 1—Climatic date at Falion (Agricultural Bzperiment Station), Clwrchill Couniy, Nev.
[Altitnde 3,965 feet)

Temperature, in degrees Fahrenheit Precipitation, in inches Average
number
3 of days Prevalllng
Period having wing
AMean Mean Mesn ? Highest1 | Lowest! Mean ? 24-hour Highest ¢ | Lowest! | precipita- | direction
meximum !{ minimum ! maximum ! tion
>0.01 in.t
JEOUBTY « o oo oo 43,1 16.8 33.6 0 —25 0.60 1. 69 2. 34 Trace 11N
February. 50. 6 22.8 36.0 73 —12 .59 70 1. 56 0 4 i NE
March..._ 50,1 21.5 42.9 79 8 .49 1. 60 1.88 0 4| SW
Aprilo_. 66.4 34.0 50.3 89 13 .44 87 2.14 [} 3| W
May- 73.9 40.7 57.5 102 21 .87 1,71 2.73 0 4 1W
June. 83.9 47.1 64.1 102 28 .33 40 1.00 0 21w
July__- 93.0 54.0 72.9 105 38 .16 83 1.53 0 1|/ W
August. 90.8 51.1 70.6 103 35 .16 1.23 1. 00 0 21 W
September.. 80.0 42.0 6l. 3 97 22 .24 .79 1.50 [+] 2| W
QOctober-.___ 65.4 32.8 51.1 20 13 .45 e 1.95 0 3| W
November__ 561 23.9 0.8 81 —1 .33 .80 1.18 i} 2 N
December. 44,3 18,2 3.8 72 —10 .59 .83 2.02 0 41N
41 S U, 47.5 34.2 50.7 105 —25 4,95 1,69 8.09 2.22 35 W
{1913) (1929)
MNumber of years of record.-——-... 26 26 49 26 28 57 37 35 35 36 36

1 From “Climatic summary of the United States, from the establishment of the Station to 1930, inclasive; section 19, Nevada®™: U.5, Weather Bur., 1933,
2 From “'Climatological Data, Annual Summary, 1951”°; v. 66, no. 13 (Nevada): U.S. Weather Bur., 1952,

and high evaporation. The Carson River, which flows
from the Sierra Nevada, furnishes nearly all the surface
mflow to the Carson Desert.
" Heavy local downpours occur occasionally over the
mountains, but they are generally many years apart in
the low mountains within the map area. Thunderstorms
are infrequent. Snow is rare and generally light in
the lowlands and low mountains and rarely lingers more
than 1 or 2 days, but the higher parts of the Stillwater
Range are snow covered during most of the winter.
More than 80 years of weather records in the Truckee
River drainage area, supplemented by tree-ring and
lake-level studies (Hardman and Venstrom, 1941), show
alternate periods of above-average or below-average
precipitation from 2 to 20 years long, some broken by
single years of opposite character. Precipitation was

TaBrE 2.—Climatic date ot Lahontan Dam, Churchill
County, Nev.
{Altitude 4,200 feet]

Mean ! Precipitation, in inches
tempera-
Period ture, in
degrees Mean ! | Highest ? | Lowest 2
Fahrenheit
JAMNATY oo 31.2
February._ . 3r.0
Mare 44.5
April 52.0
May 60.6
June, 68.9
July 78.1
August_._. 76.1
September. - 65.9
October____ 54. 5
November_. . __. 42,5
December_.._... 4.0
B T O, 53.8
Number of years 0f record oo oo ooon 40 2 S SRS S,

! Dats from “Climatolpgleal Data, Annual Summary,” 1061; v. 66, no. 13 (Nev.):
U.8. Weather Bur,, 1952,
2 Dats from “Climatic summary of the United States from the establishment of
thse gtat;giﬂés to 1930, inclusive;”* section 19, Nevada: U.S. Weather Bur,, 1933.
or X
4 For 1928,

generally higher than average from 1889 until about
1915, but was lower than average from 1915 until 1934,
an extremely dry year, and has been above average since
1934.

Temperature—The maximum temperature recorded
at Fallon during the 49-year period of record prior to
1954 was 106° F, and the minimum, —25° ¥, an extreme
range of 131° ¥. The average January temperature is
29.8° F; average July temperature 74.1° F; and the
mean annual temperature, 50.7° F. The mean annual
temperature at Lahontan Dam is 53.8 °F. In July and
August temperatures commonly reach the low nineties,
but nights are cool, commonly below 45° F. Frosts con-
tinue until late spring and commence in early fall, so
that the growing season averages only about 125 days.
Winter minimums are rarely below —5° F. Long-term
temperature fluctuations are not pronounced and do not
correlate with the precipitation changes.

Wind —The average annual wind velocity at the
Fallon Agricultural Experiment Station during 1909-
15 was 3.75 mph; the highest monthly average (April)
was but 5.4 mph. Sudden strong but brief windstorms
are common in spring and early fall, and redistribute
much dust and sand. Small summer whirlwinds (“duost
devils”) lift dust several hundred feet, where upper air
currents may carry it for long distances.

Foaporation—Humidity is low, and the annual evap-
oration rate exceeds precipitation by a ratio of about
12 to 1. The average annual evaporation from a BPI
pan set in the ground at the Agricultural Experiment
Station near Fallon from 1908 to 1916 was 64 inches,
which is equivalent to a free-water evaporation of about
58 inches.

A standard floating pan at Laliontan Dam showed a
mean annual evaporation of about 74 inches for the 16
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years prior to 1950. The relative amount of evaporation
from this pan was probably close to that from the lake

itgelf.
DRAINAGE

Carson Sink is the sump for both the Humboldt and
Carson Rivers, whose combined drainage area of 26,000
square miles 1s 57 percent of the total for Lake Lahon-
tan. The Humboldt overflows Humboldt Lake only
occasionally through White Plains playa into the sink,
but the Carson River reaches the sink during most of
the year, particularly since development of the New-
lands Reclamation Project.

The Carson River enters the basin at Lahontan Dam
and has been the major contributor of sediment to the
southern part of the bagin. It drains about 5,900 square
miles, but of this only 1,300 square miles is above La-
hontan Dam, and most of its volume comes from 800
square miles in the Sierra Nevada. The Humboldt
River is now controlled by Rye Patch Reservoir, and the
Carson by Lahontan Reservoir. The Carson, augmented
by water from the Truckee River, irrigates more than
90,000 acres in the Newlands Reclamation Project.
The channel of the Carson from Lahontan Dam to Car-
son Sink formerly was meandering 8 miles south of the
sink and it divided into several distributary channels;
now the river has been straightened, deepened, and con-
fined within a single channel except where artificial di-
versions are made.

The interior lowlands are so arid that even ephem-
eral-stream courses are very rare. Large areasare with-
out sign of drainage, and the remainder have widely
spaced small short gullies that flow only after infre-
quent heavy rains.

Waste water from the irrigation project feeds Carson
Lake, the Stillwater Lales, Carson Sink, and the Indian
Lakes. The Stillwater Lalkes, which have the largest
water area of these four, consist of many interconnected
ponds and small lakes that have intervening marshes
and islands. They are fed from the south by Stillwater
Slough and drainage canals of the reclamation project,
and they intermittently overflow northward into Car-
son Sink. Prior to 1940 the lake area was about 12
miles long and 4 miles wide, but it is being enlarged by
the U.8. Fish and Wildlife Service to develop new lalke
and marsh areas for waterfowl.

Carson Lake consists of marshland and shallow open
water and is about 7 miles long and 5 miles wide at the
current highest stage; it was formerly larger, but has
been lowered by deepening Stillwater Slough, which is
the outflow channel into the Stillwater Lakes. The In-
dian Lakes include more than 30 small lakes and ponds
formed by irrigation waste water in deflation and inter-
dune basins.

The water area of Carson Sink has varied consider-
ably in recent years. During the 1860’ and 1870’ it
was a permanent lake that measured about 15 by 20
miles and extended to about the 3,880-foot contour line,
so that Pelican Island actually was an island (Antevs,
1938h, p. 30). Sinece then, however, the sink generally
has held water only part of the year, and for several
decades it has been generally dry except for 2 small area
near the mouth of the Carson River. High river dis-
charge flooded it extensively during the winters of 1943-
44 and 1950-51, but each time this water evaporated
during the following summer,

VEGETATION

The vegetation, which reflects the aridity, isthe north-
ern desert shrub association, dominated by desert shrubs,
herbs, and grasses. It is closely controlled by soil con-
ditions and drainage. The characteristic plant associa-
tions of this area have been described by Billings
(1945), who showed the relation of the main associations
to topographic and geologic position (fig, 2).

The little greasewood-shadscale association is the cli-
max assernblage on the well-drained lowlands and low
mountainsg of the map area. Xt consists of low spiny
shrubs that cover 5 to 12 percent of the ground; these
shrubs are generally evenly spaced and separated by
bare ground. The dominant species are little grease-
wood (Sarcobatus daileyi), shadscale {A#riplexs con-
Jertifolia), and bud sagebrush { Arfemisia spineseens) ;
Ephedera nevadensis occurs locally, and in the transi-
tional zone between the mountains and lowlands some
hopsage (Grayin spinosa) and white sage (Ewrotia
lenate) are present. Perennial herbs and annuals gen-
erally are sparse or absent.

Other plant associations are restricted to relatively
small areas of abnormal soil or drainage conditions.
The Deulea association, typified by the small shrubs and
perennial herbs Dalea polyedenia, Atriplex canescens
(shadscale), Tetradymia comosa, and T. glabrata, and
locally Hymenoclea fasciculata and Oryzopsis hymeno-
ides, is limited to areas of eolian sand. The association
is prominent where the sand is stabilized, particularly
in the western lowlands south of Carson Sink and in
the sandy passes in the highlands. The association
characterized by big greasewood (Sarcodatus vermicu-
latus), oceupies saline clayey soil at the edges of playas
and poorly drained lowlands where the.subsoil always
is moist but the surface crust dries in late summer. The
rabbitbrush assoeiation, characterized by two kinds of
rabbitbrush, Chrysothamnus nauseosus var. consimilis
and C. nauseosus var. holoeucus, is largely limited to
recently drained or disturbed ground.



8 LARKE LAHONTAN:

GEOLOGY, CARSON DESERT, NEY.

NORTHERN SOUTHERN
HILLS HILLS

RESIDUAL AND
§ HFAN SOILS s

LAHONTAN SEDIMENTS .
AND RECENT FANS D

SOYD O H ;ﬂ_ﬁﬁ ;Oﬂaﬂﬂﬁann

EXPLANATION

©oBa a8 8

Atriplico-Sarcobatetum Artemisietum trideniatae
(Shadscale-little greasewood) (Big sagebrush)

acaa e i
Sarcobatetum baileyi Allenrolfeetum
(Little greasewocod) {Allenrolfia}
W [ FLE - TR
Emergent tule associations Distichletum
(Saltgrass)

Highest Lahontan Beach

>

@e

Sarcobatetum vermiculats
(Big greasewood)

Populetum PP
(Cottonwood) Daleetum
BARE PLAYA

RIVER ALLUVIUM

OPEN WATER_|

Trcure 2,—Dingram of the topographic and geologic positions of the prineipal plant associations in the Cargon Desert region.
From Billings (194§, fig. 4).

The saltgrass association, consisting dominantly of
desert saltgrass, Distichlis stricta and locally D. spicata,
is found on goils that range from moderately to in-
tensely saline, except the very driest. It borders the
more permanent playas, ponds, streams, and marshes.

The cottonwood association consists of cottonwood
(Populus fremontii) and willow, the only native trees
in the area, and big sagebrush (driemisia itridentata);
these plants border stream courses and some lakes and
pouds where the soil is relatively nonsaline. The asso-
ciation is widespread on the river flood plain and was
the original cover on much of the farmland. Russian
olive, an introduced tree that has becoine naturalized,
is now widespread in this association.

ECONOMIC GEOGRATHY

Population, towns, and settlements—The population
is restricted to the irrigated district and a scattering
along the main highways. Fallon, the county seat of
Churchill County, is the only town, and had a popula-
tion of 2,700 in 1960. The village of Stillwater, in the
rastern part of the irrigated district, was formerly the
yincipal settlement and county seat, but has gradually
Teclined in tmportance since 1908, when Fallon became
ncorporated, and now has only a general store and
wbout eight homes. Salt Wellsis a roadhouse and motel
m U.S. Highway 50 on the northeast side of
Curupah Flat; they ave operated by a single family.

Transporiation—In the days of the Emigrant Trail
the Carson Desert was notorions as the “Forty-mile
Desert,” one of the most difficult stretches of the Over-
land route. The Southern Pacific Railroad crosses the
west edge of the desert from White Plains siding to
Hazen, and has a spur line from Hazen to Fallon. U.S.
Highways 50 and 95 intersect at Fallon, providing ex-
cellent surfaced highways to Ely on the east, Tonopah
on the south, and Reno and Carson City on the west.
Several hard-surfaced roads radiate from Fallon.

QOutside the farming area roads ave few and poor, ex-
cept for the main highways, although the county main-
tains some graded roads to mines and outlying ranches.
Sand, during the drier parts of the year, and sticky mud
on the clay flats after rains, impede travel. Much of
the map area is accessible only by 4-wheel-drive vehicles,
or by horse or foot.

A griculture—All crops are irrigated. About 50,000
acres of cropland (about 10 percent of the total farm-
Iand in Nevada) have beenr developed under the Nev-
lands Reclamation Project—the first Federal reclama-
tion project—iwhich was started in 1903. It utilizes
water from both the Carson and Truckee Rivers,
stored at Lahontan Reservoir 15 miles west of Fallon.
Since completion of thig reservoir in 1915 the water
supply has been seriously short only in 1931 and
193+ In addition to the canals and reservoirs, the proj-
ect lands in the Carson Desert are served by deep drain-
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age canals that prevent waterlogging of the land and
remove accumulated alkali, both formerly serious prob-
lems.

The 125-day average annual growing season permits
the growing of alfalfa (three cuttings) and most tem-
perate-zone staple crops, vegetables, and hardy fruits.
The large compact area of irrigated land, full-season
water supply, and good transportation facilities favor
cagh-crop farming, but most of the farmland still is
used for hay, grain, and pasture.

A few range cattle are grazed in the Carson Desert
and surrounding mountains. The range in the interior
of the basin is limited to intermittently flooded lowlands
which support more than the usual forage cover. In
the low mountains at least 30 acres per cow per month
are required, and grazing is limited mainly to winter
and early spring. The higher parts of the Stillwater
Range furnish the best range because of the more abun-
dant precipitation.

TERTIARY STRATIGRAPHY AND STRUCTURE
' STRATIGRAPHY
The pre-Quaternary rocks of the map area consist of

volcanic and sedimentary rocks that range in age from
Miocene or earlier to late Pliocene. No pre-Tertiary

rocks are exposed, although such rocks crop out exten-
sively in nearby ranges. Details of the stratigraphy
and structure of the Tertiary rocks were studied only
in the Carson Lake quadrangle and in the eastern part
of the Desert Mountains in the Fallon quadrangle, and
this discussion refers only to those areas.

The Tertiary rocks are divided into five main map
units (table 8). One consists mainly of tuff and tuffa-
ceotis sediment ; the others are largely flow rocks, rang-
ing in character from basalt to rhyolite, and minor dikes
and pyroclastic beds. The voleanic rocks range rather
widely in composition in each formation, but petrologic
details have not been studied. Correlations are litho-
logic, and must be considered tentative.

BASALT OF RAINBOW MOUNTAIN

The oldest rocks exposed are altered basalts and tuffs,
exposed only at Rainbow Mountain (T.18 N,, R.31 E.),
from which they are named informally. They are per-
vasively sheared, closely faulted, and much altered.
The principal rock is dark-greenish-gray to black al-
tered basalt(?), which is generally weathered along
joints to dark chocolate brown or maroon. It is mostly
vesicular or amygdaloidal. Determinable feldspar—
that of the phenocrysts only—is labradorite, and the

TaBLE 3.—Major Cenozoic rock-stratigraphic units in the southern Carson Desert area

Maximam
Period | Epoch Stratigraphic unit Description exposed
thickness
(feet)
5
“8’ Fallon formation Fost-Lake Lahontan lake and subaerial sediments. 35
o]
b
‘g* Lahontan Valley group Sediments of Lake Lahonatan and associated subaerial sediments. 330
=
_g 2 Paiute formation..._.___.. Fan gravel and colluvium, 40
U]
5) a Basalt of Rattlesnake Hill | Basalt fliows and agglomerate, coeval with Paiute formation or earljer. 200
o Unconformity?
2 Pre-Lake Lahontan lacus- | Sand and gravel; one exposure. 20
= trine sediments
Unconformity ?
Olivine basalt flows, some basaltic tuff, in upper part; andesitic to basaltic
—_— Bunejug formation flows in lower part, with some daeite and mafic to silicic tuff. Commonly
uncomformable upon Truckee formation, but in places possibly inter-
! fingers with Truckee, 650
2 Local unconformity
L Truckee formation Bilicic to mafic tuff, tuffaceous sandstone and gravel, diatomite, and lime-
[ stone. 500
. Local unconformity
e - Eagles House rhyolite Rhyolitic to dacitic flows; thiek and massive in lower part, thin and locally
= 3 perlitic and pumiceous in uppermosi part, which locally grades laterally
5] = into lower part of Truckee formation, 400
= _3 —Unconformity
£ Da,tci_te of Rainbow Moun- | Mainly dacitic flows. 200?
ain
2 Unconformity?
& Basalt of Rainbow Moun- { Basaltic and some andesitic flows; some tuff; much faulted and generally
é tain considerably altered, Base not exposed. 7007
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accessory minerals are olivine, augite, hornblende, and
magnetite ; even in the freshest specimens these minerals
are largely altered to chlorite and calcite.

"The flows tend to form prominent ledges. Intercal-
ated with the dark flows are light- to medium-gray
ones characterized by abundant carbonate amygdules.
Also interbedded locally are thin red to maroon beds
that appear to be highly altered mafic tuff and red to
purple beds of voleanic breccia. Some of these rocks
are probably andesites.

The apparent thickness, disregarding faulting, is
about 1,400 feet, but the faults produced more repeti-
tion than omission of beds, and the true thickmess is
probably not more than 700 feet.

The voleanic rocks of Rainbow Mountain have
yielded no fossils. The basalt is considerably more de-
formed and altered than the overlying dacite, which is
in turn older than Miocene to Pliocene rocks, so the
basalt is Miocene or older.

DACITE OF RAINBOW MOUNTAIN

The dacite of Rainbow Mountain is a distinctive se-
ries of light- to dark-gray, maroon, and purple strongly
banded dacite that ranges to quartz latite and rhyolite.
It is exposed in three fault blocks in southern Rainbow
Mountain. In the northwestern block, the largest, on
the west slope of the 4,645-foot peak, the dacite over-
lies the basalt of Rainbow Mountain with a westward
dip of about 20° to 80°. Whether this contact is con-
formable or not is uncertain because of small faults.
The contacts of the other two areas are faulted or con-
cealed, but fault displacements suggest the same se-
quence. The thickness of the dacite is uncertain
because of faulting but is at least 200 feet.

The dacite is much less altered and deformed than
the basalt of Rainbow Mountain but more so than the
overlying Eagles House rhyolite. The flow banding in
the dacite commonly curves around angular mafic in-
clusions and shows contortions independent of the atti-
tude of the flows. Local breccias are interbedded with
the massive dacite, as are thin beds of light-gray to
white tuff.

The dacite has yielded no fossils. It is probably
older than both the Truckee formation and the Eagles
House rhyolite. Although not in depositional contact
with either, except in a single questionable occurrence
of the Eagles House rhyolite (p. 11), the faults inter-
vening between the rhyolite and the Truckee formation
demand this relation. As the Truckee formation is
early Pliocene, the dacite of Rainbow Mountain may
be of Miocene or earlier age.

BAGLES HOUSE REYQOLITE

Qutside the Rainbow Moaountains the oldest Tertiary
unit exposed is a series of rhyolites. It is here named
from the spectacular Eagles House crags, in sec. 13,
T. 18 N, R. 30 E., in the Lahontan Mountains, where
it is best exposed. These crags are designated as the
type locality of the formation. It also is exposed in
the White Throne and Desert Mountains, and in Eetza
Mountain.

Two bodies of rhyolite, each about a fifth of a square
mile in area, and several smaller ones, aggregating
about 350 feet in thickness, are exposed at and near
Eagles House. This is a complexly block-faulted area
which is structurally higher than the country nearby.
The thyolite is faulted against the Truckee formation,
which in a few places lies in depositional contact on the
rhyolite. The base of the rhyolite is not exposed.

At Eagles House two thick flows are evident; the
upper flow, nearly 100 feet thick, is pink porphyritic
rhyolite, and the lower, about 200 feet thick, is pale-
greenish-gray porphyritic dacite. The conformable
contact between these flows is well exposed in the west-
ern part of the crags and dips 10° S. DBoth flows have
conspicuous contorted flow structures.

The lower flow is porphyritic biotite-hornblende
dacite that contains abundant phenocrysts of labra-
dorite, quartz, and biotite; these minerals occur in the
groundmass also, with hornblende, chlorite, apatite,
and magnetite. The upper flow is porphyritic biotite
rhyolite that contains abundant phenocrysts of quartsz,
sanidine, and biotite; glass commonly forms much of
the groundmass. Near faults, both flows commonly are
strongly bleached, kaolinized, and silicified. Unaltered
remnants stand out in bold forms, of which the Eagles
House crags are the nost striking. The sheeted struc-
ture and vertical jointing produce bizarre erosional
shapes.

In several small fault blocks west and north of
Eagles House the upper flow is overlain by as much as
20 feet of thin flows of light-red flow breccia, which
has sparse phenocrysts in an aphanitic to glassy
groundmass, and shows prominent flow structure.

In the southern and eastern parts of the White
Throne Mountains, extensively exposed rhyolitic flows
are considered to be correlative with the Eagles House
rhyolite; maximum exposed thickness is about 400 feet.
These flows also crop out in several small hills near
Russell Pass, just south of the map ares, and in the
northeastern Desert Mountains. They are mostly fel-
sitic or porphyritic-felsitic, but locally they are perlitic.
They range in color from light to medinum gray, and in
places they have appreciable reddish or purple cast.
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Phenocrysts are sanidine, quartz, biotite, and locally
plagioclase. Some flows are strongly flow banded, and
the banding commonly is contorted. Brececia zones oc-
cur locally. In the southeastern White Throne Moun-
tains, stony rhyolite commonly is overlain by and
grades laterally into glassy to perlitic and pumiceous
rhyolite, and the upper flows locally intertongue with
the lower part of the Truckee formation.

A small body of rhyolite(?) having an exposed
thickness of 100 feet crops out in three small areas at
the southeast edge of Ketza Mountain near U.S. High-
way 50. The dominant rock is pink flow-banded felsite
containing sparse tiny phenocrysts of biotite, quartz,
and feldspar. In the southernmost exposure, the felsite
is overlain by several feet of flow-banded glassy rhyo-
lite and by about 10 feet of perlitic obsidian, both
dipping gently westward.

A rhyolite( ?) flow 15 feet thick is exposed in a nar-
row fault sliver at the west edge of Rainbow Mountain.
Although faulted against the dacite of Rainbow Moun-
tain on the east, the rhyolite apparently conformably
overlies rocks that may belong to the dacite unit in the
sliver itself (the dacite is exposed in an area too small
to show on the map). It is light-lavender-red felsite
containing sparse small phenocrysts of biotite, horn-
blende, sanidine, and quartz in a glassy groundmass.
This lone occurrence cannot be definitely correlated
with the Eagles House rhyolite, but it may be the base
of that formation. As it appears to be conformable on
the dacite of Rainbow Mountain, it may indicate that
only a short time intervened between them.

The rhyolite in each of the above areas is considered
to be correlative, but there is no direct evidence for
this. The overlap of conformable and locally grada-
tional Truckee formation establishes that the Truckee
sedimentation overlapped and directly followed erup-
tion of rhyolite in the White Throne Mountains. As
the Truckee formation is early Pliocene in age (p. 12)
the Eagles House rhyolite is considered to be late
Miocene to early Pliocene.

TRUCKEE TT'ORMATION

King (1878, p. 412-414) gave the name Truckee group
to a sequence of mainly tuffaceous sediments in north-
western Nevada that underlie the late mafic lavas and
generally overlie rhyolite. “Fossil Hill,” in the north-
eastern Hot Springs (Kaw-soh) Mountains, was King’s
type locality. He considered these sediments Miocene,
but recent studies suggest an early Pliocene age. Al-
though variable in lithology and now known to have
been deposited in several separate basins, rather than in
a single large one as I{ing supposed, they constitute a
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major sedimentary unit in northwestern Nevada. The
U.S. Geological Survey has adopted the name Truckee
formation for this unit.

The Truckee formation is locally to extensively ex-
posed in the Lahontan, White Throne, Desert, and Dead
Camel Mountains, The lower part consists largely of
silicic tuff; much of it is pumiceous, relatively coarse,
and unsorted, Higher in the formation water-laid sedi-
ments become dominant, and in places they seem largely
lacustrine. The lithology varies greatly laterally as well
as vertically and single beds or members cannot be
traced far. Beecause of this variability as well as fault-
ing and cover, even the local stratigraphy of the Truckee
is imperfectly known in many areas; correlation be-
tween the separate highland areas is problematical.

‘Where its base is exposed, the Truckee appears to be
locally conformable upon and intertonguing with the
Eagles House rhyolite. In most places a pronounced
angular unconformity separates the Truckee from the
overlying Bunejug formation, but in the Bunejug and
Cocoon Mountains the two units possibly may inter-
tongue (p. 14). .

In the Lahontan Mountains, the Truckee formation
underlies most of Wyemaha Valley and other saddles,
although largely concealed by Quaternary sediments,
and is locally exposed in the mountains themselves.
The lower beds in this area are coarse water-laid pumi-
ceous rhyolite tuff, pebbly tuffaceous sandstone, and
tuffaceous sandstone, 40 to 80 feet thick. In at least two
places near Kagles House the formation appears con-
formable upon the Eagles House rhyolite: One is in a
deep gully about 2,000 feet west of Eagles House where
the contact is exposed for about 650 feet. The rhyolite
is highly altered and cut by innumerable small shears.
Beds of the Truckee, also altered, appear conformable
upon it and are horizontal to gently dipping. Locally
at the base are several feet of tuffaceous sandstone and
pebbly tuffaceous sandstone containing fragments of
Eagles House rhyolite ; overlying the sandstone is about
20 feet of soft silty tuff, mostly deep reddish gray but
locally light gray or buff ; next, about 10 feet of coherent
pebbly to sandy and locally limy tuff.

The second place is about half a mile farther north
along the same gully, where a depositional contact be-
tween the two formations is exposed in another fault
block. Here also both formations are highly altered,
and the Truckee is mostly coarse puniceous tuff.

Overlying the coarse lower zone is at least 200 feet of
thick-bedded to thinly bedded shaly and diatomaceous
tuft and tuffaceous sandstone, and some calcareous tuff-
aceous sand and limestone {table 10, section 33T). Over-
lying these beds is coarse practically nonbedded pumi-
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ceous and thyolitic tuff of unknown thickness, followed
by & zone of fine-grained white tutf, diatomaceous tuff,
diatomite, and locally pumiceous sandstone or grit,
commonly more than 50 feet thick, This zone is over-
lain in places by 8 to 45 feet of greenish-gray mafic tuff,
which is here the top of the formation.

In the valley between Rainbow Mountain and Salt
Wells Mountain, the Truckee formation is extensively
exposed unconformably beneath the Bunejug forma-
tion. The Truckee consists mainly of pink, light-green,
buff to white tuffaceous sandstone and siltstone, and
a few beds of oolitic ostracod-bearing limestone.

The Truckee formation in the Lahontan Mountaing
is locally altered by silicification and clay-mineral al-
teration. The coarser tuff and tuffaceons sandstone
beds have been especially prone to silicification, as in the
hills half a mile south of Eagles House and on the
4,450-foot butte southwest of Rainbow Mountain, Lo-
cally the alteration has produced intricate patterns of
varicolored bands known as wonderstone. A few of
these deposits have been worked on a small scale for
ornamental stone.

In the White Throne Mountains a thick series of
well-indurated white to pale-gray and cream tuff, tuf-
faceous gravel, grit, and sand overlies the Eagles House
rhyolite and intertongues with the upper part of it (fig.
34). It is correlated tentatively with the Truckee
formation, although it does not resemble the bulk of
this formation in the Lahontan Mountaing. The larger
clasts are almost entirely pumiceous rhyolite, pumice,
and some felsitic rhyolite; a few basalt or andesite
fragments generally are present, and locally make up as
much as 25 percent of the rock (fig. 38). Sorting is
generally poor to lacking and bedding crude to indis-
tinet, suggesting aerial or mudflow deposition, although
some better sorted and stratified beds suggest rework-
ing by streams. The beds ave tilted 30° to locally 70°
and commonly are closely faulted. Poorly. exposed
white tuff and diatomite, which are considered the
upper part of the Truckee formation, locally overlie
these sediments on the west side of the White Throne
Mountains, and thicken westward into the Desert
AMountains.

The Truckee formation has not been identified in the
Bunejug and Cocoon Mountaing, but the tuffaceons
zones in the lower nait of the Bunejug formation (p.
1) there may correlate with it. Zone 6 in the type
section of the Bunejug formation (table 10, section 51)
particularly resembles the Truckee formation in the
Lahontan and White Throne Mountains; moreover,
mafic pyroclastic matter is a widespread minor con-
stituent of the Truckee in the White Throne Moun-
tains, attesting to contemporvaneous nearby andesitic

and (or) basaltic voleanism. G. A. Thompson (1956)
reported intertongning between the Truckee formation
and both rhyolitic and mafic lows in the Virginia City,
Nev., quadrangle.

Several of the deeper wells in the basin interior may
have penetrated the Truckee formation, but the avail-
able logs are too crude to permit reliable correlation.

The poor exposures, deformation, and erosion of the
Truckee formation make estimation of its thickness dif-
ficult. In the Lahontan Mountains probably more than
400 feet, and in the White Throne Mountains probably
at least 500 feet, are exposed.

Age and correlation.—The Truckee formation is gen-
erally unfossiliferous. Fossil leaves were collected
from a single locality on Rainbow Mountain, and snails
were taken from three localities in the eastern Iahon-
tan Mountains in the middle and upper parts of the
formation, but these collections were too poorly pre-
served to be determinable as to species.

King (1878, p. 415) believed the Truckee to be
Miocene in age at its type locality, Fossil Hill, in the
Hot Springs (Kaw-soh) Mountains 25 miles northwest
of Fallon, but Yen {1950) and MacDonald (1950} con-
sidered these beds to be Pliocene, and Axelrod (1950)
determined them to be early Pliocene. Sediments re-
ferred to this formation are widespread in northwest-
ern Nevada. Fossils indicate that their age is early
Pliocene, but they were deposited in separate basins of
differing structural histories and may not correlate
exactly from basin to basin. Further study may show
that in some areas they include beds as old as late Mio-
cene, In general, they underlie the andesites and ba-
salts of Pliocene (and possibly early Pleistocene) age
that eap many of the mountains, and overlie earlier vol-
canics. In places however, beds of the Truckee inter-
tongue with either or both the underlying and overly-
ing voleanie rocks. ((Gianella, 1936, p. 73: Thompson,
1956, p. 55, 56, and oral communication, 1952).

Fossil florula from the Truckee formation at several
localities west of the Carson Desert have been inter-
preted as early Pliocene by Axelrod (1950, and én
Thompson, 1856, p. 56). Calkins reported (1944, p.
23} that K. E. Lohman stndied the diatoms and R. V.
Chaney the fossil leaves in the Truckee formation in
Long Valley, T miles northeast of Virginia City, and
agreed that these beds date from near the Miocene-
Pliocene boundary. Yen (1950} determined that mol-
lusks from near White Plains (Huxley Station) siding,
27 miles north of Fallon, were Pliocene.

BUNEJUG FORMATION

The most extensively sxposed hard-rock unit is a
series of basalts and andesites overlying the Truckee
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FigonE 3.—4, Broded cappings of basalt of Bunejug formation, unconformable on Truckee formation.
of Bunejug formation are exposed near summits of far ridges and in foreground; elsewhere Truckee formation
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Pumiceous sand and gravel of Trackee formation. typical of this
fragments are mainly talus from Dunejug formation, although a few are mafie lava in place,




14 TAEE LAFGNTAN: GEOLOGY, CARBON DRESERT, NEV.

formation. It is here named the Bunejug formation,
after the Bunejup Mountaing, in which it is well ex-
posed The type locality is the west face of the 4,8%6-
foot mountain in the south-central Bunejng Mountains,
sees. 82 and 34, T. 17 N, K. 30 E. (table 11, section 54T).
The formation is Pliocene and possibly early Pleisto-
cene in age.

These lavas form extensive relatively flat-lying to
moderately tilted cappings, 50 to 650 fest thick, that
rest on erosion surfaces of several luwidred feet of local
relief and commonly with pronounced angular uncon-
formity on the Truckee formation and older rocks (fig.
84). In spite of the initial relief and the faulting and
tilting during the early part of Bunejug deposition (p.
15, the depositional surface on which the ypoungest
flows were laid had generally low relief. This forma-
tion generally is much less closely fanlted than the
Truckee.

Many feeder dikes and a few vents have been jdenti-
fied. The dikes are most abundant along the major
zones of post-Truckee early-Bunejug fanlting (p. 15).
The vents are circular to irregular, steep walled, have
fillings of dense lava (voleanie plugs) or chastic ag-
glomerate of scorinceous varicolored basalt, and are
commonly intruded by dikes. They range in diameter
from 200 to 2,000 feet; the largest is in the Cocoon
Mountainge at the south edge of the map area. The
formation is thickest where dikes and vents are most
numerous and commonly is absent where they are lack-
ing. Some highlands where the lavas of the Bunejug
are now very thin or absent probably were at altitudes
foo great to be inundated, for sxample in the Bagles
House-Wyemaha Valley-Rainbow Mountain area.

The lavas in the lower part of the formation—the
lower unit—are much more variable in texture and
color than those of the upper part. They range from
black to light gray, greenish gray, and red, pink, and
purple; from dense to highly scorinceous; and from
giassy (obsidian and perlite} to porphyritic with 5 to
25 percent phenocrysts, Their groundmass generally is
aphanitic to fine grained, but a few are medium grained
and sugary textured. Some flows exhibit a strong
platy contorted structure that resemnbies bedding but
generally does not parallel flow marging, Individnal
flows are from several feel to miore than 40 feet thick,
Single flows or lava zones commonly cannot be traced
more than 1 or 2 miles, even where good exposures oceur.
This lower unit is locally absent, but as much as 400
feet is exposed in the Bunejug and Cecoon Mountains,
about 250 feet in the Sehoo and Fetza Mountains, and
somewhat less in the White Throne Mountains and the
Stillwater Range.

The lower unit has considerable interbedded tuff in
the Bunejug and Cocoon Mountains, whers three tuf-
faceous zones aggregate as much as 20 percent of the
total section. They consist of tufl, tuff breseia, srd
some tuffaceous sand and gravel that iz commwonly
pumiceous to some degree. The lowermost zone, near
the middle of the exposed lower nnit (umit 7 in section
53T, unit 6 in section 54T, and unit 8 in section 57T,
table 10) is the thickest (15-50 £t thick), most per-
sistent, and lightest colored; its upper pari is mostly
reddish to pink, tan, and orange, and its lower part is
mostly white to light, Silicic flows are locally inter-
bedded with it in the northern Bunejug Moeuntains.
The upper two tuffaceous zones, several feet to 25 feet
thick and Jocally absent, are light red, pink, tan, and
gray. Locally in the Cocoon Mountains a thin fourth
zone liez between the npper two and the lowermost zone.
The tuffaceous zones may represent tongues of the
Truckee formation, but this cannot be proved.

The upper part of the Bunejug formation—ithe upper
unit—is entirely olivine basalt. Most flows are 10 f0 15
feet, thick, black and dark gray to locally rved and pur-
ple, generally vesicular, and have scoriaceous tops and
bottoms; most Lave small phenocrysts of plagloclase
and olivine, Locally the flows are separated by discon-
tinnons beds a few feef thick of basaltic tuff and tuff
breccia {or rarely of basaltic gravel and sand), which
are Ted, red brown, purple, and black. This unit ranges
in thickness fromn less than 50 to about 150 feet and is
more extengive than the lower unit.  In places a small
angular ancenformity separates it from the lower units
elsewhere the passage between the two units is grada-
tional, via interbedding, and is eonformable.

Age and correletion~—The Bunejug formation has
yielded no fossils, henece its age can only be inferred.
Because the Truckee formation is early Pliocens and
the lower unit Bunejug possibly interfingers with and
overlies it, the Bunejug formation is considered to he
Pliocene, perhaps ranging to early Pleistocence in its
upper part.

Andesites and basalts are widespread in western
Nevada; they resemble the Bunejug formation in li-
thology and have stratigraphic relations similar to the
Truckee formation or sedimentary units more or less
corrvelative with the Truckee. The lower unit of the
Bunejug may correlate with the Lousetown formation
and perhaps the Knickerbocker andesite in the Virginia
City quadrangle (Thompson, 1956, p. 57-58) ; the upper
unit of the Bunejug might correlate in part with the
McClellan Peak olivine basalt in the same guadrangle.
Thompson inferred that these units range in age from
Pliccene to Pleistocene.
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STRUCTURAL FEATURES

High-angle normal faulting dominated the Cenozoic
deformation. The older Tertiary rocks are more
fanlted than the younger Tertiary rocks, indieating
several ages of Tertiary faulting. Relatively few of
the older faults are exposed, however; most exposed
faults that cut the hard rock units are of post-Bunejug
pre-Paiute age and hence of Quaternary, and perhaps
late Pliocene age.

PRE-TRUCEEE FAULTS

The basalt of Rainbow Mountain is the oldest and
most faulted and altered rock unit. The old faults are
difficult to identify specifically, and their displacements
are uncertain owing to several episodes of reactivation.
The abundance of steep faults of the N. 15° E., due
north, and N. 15°-25° W, sets and their sparsity else-
where suggests that these sets were dominant between
the deposition of the basalt of Rainhow Mountain and
of the overlying dacite. They form an intricate mesh
of intersecting and bifurcating shears generally less
than 200 feet apart; these have broken the basalt into
narrow homoclinal blocks that mostly dip westward at
angles of 15° to 70°, generally 35° and 60°. Although
most of these faults are small and discontinuous, some
have been traced for 1 or 2 miles. Also apparently of
the same age, but very subordinate, are small shears
trending roughly east-west.

The dacite of Rainbow Mountain is much less faulted
and altered than the underlying basalt, and the Eagles
House rhyolite and Truckee formation are even less
deformed and altered. Many of these faults must be of
pre-Truckee age, but no evidence for their specific age
was recognized.

FAULTS OF POST-TRUCKEE AND EARLY BUNEJUG AGE

Most of the Truckee formation is closely sheared and
modlerately tilted by high-angle normal faults, and
these faults are gemerally much more numerous and
the tilting greater than in the Bunejug formation.
Where the lower unit of the Bunejug formation is
absent, a pronounced angular unconformity generally
separates the-upper wnit of this formation from the
Truckee, and where the lower unit of the Bunejug is
thick, this unit is more faulted and tilted than the
upper one. The intra-Bunejug faulting of the lower
unit may have been synchronous with faulting dated
as post-Truckee pre-Bunejug where the lower unit is
missing,.

In the Lahontan and White Throne Mountains, this
faulting has broken much of the Truckee formation into
a giant breccia. The faults are high angle and nor-
mal, and generally have only a few feet or few inches

of individual displacement, although a few have scores
or hundreds of feet displacement. They have produced
widespread homoclinal tilting, commonly 15° to 40°
and rarely more than 50°, which generally is opposite
to the dip of the faults, resulting in much repetition
of beds, Striae and grooves on the fanlt surfaces gen-
erally have steep plunges, showing that displacements
were mainly dip slip. Most faults trend north and
northeast in the eastern Lahontan Mountains but north-
west and west in the White Throne Mountains.

Wyemaha Valley, the Eagles House area, Rainbow
Mountain, and the pass between Rainbow Mountain
and the Stillwater Range apparently were all elevated
by the post-Truckee pre-Bunejug deformation; these
areas are structurally higher than adjoining parts of
the Lahontan Mountains, and the stratigraphy and
structure of the Bunejug formation suggest that lavas
of that formation never appreciably inundated them.
A zone of intra-Bunejug faulting along the northwest-
ern side of the Lahontan Mountains is indicated by at
least two volcanic vents, numerous feeder dikes, and
local minor shears in the lower part of the Bunejug
formation. In the Rainbow Mountains the larger
faults of this age trend mainly due north to N. 50° E.
and are exceptionally long and straight.

In the Bunejug and Cocoon Mountains, faulting of
this age moderately tilted the lower part of the Bune-
jug formation into a homocline. The faulting was
penecontemporaneous with deposition as shown by in-
creasing displacement of the faults and the increasing
dip of the fault blocks, downward in the section. The
faults trend mainly northward in the Bunejug Moun-
tains, but diverge widely in the Cocoon Mountains.
Displacements range from a few feet to locally several
hundred feet. Some of the faults seem to be related
to volcanic centers.

STRUCTURAL FEATURES OF POST-BUNEJUG
PRE-PAIUTE AGE

BASIN-AND-RANGE FAULTS

GENERAL IFEATURES

Most of the bedrock faunlts mapped are of post-Bune-
jug but pre-Paiute age. They displace the Bunejug
formation (including the upper unit where present),
yet they do not extend inte the overlying Paiute forna-
tion and may be largely or entirely of Quaternary age.

The post-Bunejug pre-Paiute faults apparently re-
cord a climaz of basin-and-range deformation separate
from that of post-Truckee and early Bunejug faults.
Faults of intra-Bunejug age are practically restricted
to the lower (andesitic and basaltic) part of the Bune-
jug formation; the upper (olivine basalt) part gener-
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ally is affected only by post-Bunejug faults, and in
places the two parts are separated by an angular
unconformity.

The post-Bunejug pre-Paiute faults exposed in the
mountains have throws generally less than 100 feet
(commonly only a few feet) and little or no gouge,
brecciatied areas, or hydrothermally altered zones.
The faults are normal and steep, rarely dipping less
than 60°. Tiny reverse faults, seen as side shears asso-
ciated with larger normal faults, are rare. Displace-
ments are almost entirely dip slip, as shown by grooves,
striae, and alinement of fanlt traces. Strikes are very
diverse, particularly from one mountain ares to an-
other, but the predominant strikes are N. 30° E. to N.
20° W.; other prominent faults strike N. 50°-60° E.
The diverse strikes may reflect the position of the Car-
son Lake quadrangle being just south of the boundary
between dominantly northward- and northeastward-
trending and dominantly northwestward-trending
ranges and basins (Spurr, 1901, p. 258; Gianella and
Callaghan, 1934, p. 3, 18).

Much larger faultsand fault zones of post-Bunejug
pre-Paiute age border highlands that abut the basins.
These marginal fanlts are largely concealed by detritus,
but, their existence and dominant role in outlining the
present basins and ranges are inferred from the follow-
ing criteria: (a} Bedroclk structure is sharply trunecated
along the mountain fronts; (b) the mountain fronts are
prominent searps having fairly straight alinement and
faceted spurs in places; (c) the marginal faults are ex-
posed locally, they parallel the local mountain front,
have large displacement and commonly wide zones of
shattering, and some show hydrothermal alteration;
(d) airborne magnetometer traverses show sharp mag-
netic discontinuities one-half to 3 miles basinward from
the mountain fronts These discontinuities suggest
abrupt thickening of the sedimentary fill at probable
fault scarps.

A rough measure of maximum displacement of the

marginal faults is the difference in altitude between

the highest beds of the Bunejug formation adjoining
a mountain front and the bedrock floor of the basin
adjoining this front. Total displacements of more than
1,500 feet, without allowanee for possible warping, are
indicated along the north and west sides of the White
Throne, Bunejug, and Lahontan Mountains, and 4,000
feet or inore between the Stillwater Lalkes and the Still-
water Range. Two criteria show that most of the mar-
ginal displacement oceurred in posi-Bunejug pre-Paiute
time: (1) The geomorphology of the highlands, espe-

1 Unpublished data on file from about 12 airborne magnetometer
reconnnissance traverses, spaced 1 to 12 miles apart on an irregular

east-west and north-south grid across the Carsonr Desert, made in July
1943 by the U.S, Geologieal Survey.

cially the stage of development of the mountain canyons

‘and pediments (p. 22), shows that the last main in-

terval of basin-and-range deformation took place after
deposition of the Bunejug formation but long before
deposition of the Painte formation; and (2) well logs
suggest deep fill of Quaternary sediments of pre-Lalke
Lahontan age on the basin sides of the buried fault
scarps.

Two main episodes of fanlting apparently took place,
separated by a period of relative stability, in post-Bune-
jug pre-Patute time. The pediments at the edges of
the mountains are younger than some marginal fanlts
and commonly extend across these faults without dis-
Placement ; however, these pediments terminate basin-
ward in fault scarps (p. 17), indicating that large-
scale faulting occurred after the pediments iwere
formed. As the pediments all lie at about the same
general level, the faults that are younger than the pedi-
ments probably depressed the basins without selective
uplift of individual highland areas. Similar large-
scale faulting, both older and younger than the pedi-
ments, has been noted on the northwest side of the
central Humboldt Range {Jenney, 1935, p. 58, 65-68)
and on the east sides of the Virginia-Flowery Range
and Pine Nut Mountains (G. A. Thompson, oral com-
munieation, 1950}).

FAULTING IN SPECIFIC AREAS

In the Bunejug Mountains, faults of post-Bunejug
pre-Paiute age are particularly numerous. Most strike
between N. 10° W. and N. 25° L., are vertical or dip
steeply westward, and cut the Bunejug formation into
slivers a few feet to a third of a mile wide. Most of
the fault blocks have been tilted eastward so that the
upper flows of the Bunejug dip 5° to 35° E., but blocks
on the east side of the mountains have been tilted west-
ward. The west and east edges of the mountains are
particularly closely sheared and in places hydro-
thermally altered, suggesting that the mountains are
a compound horst.

The Cocoon Mountains have a haphazard faunlt pat-
tern but northward-striking faults are dominant.
Most of the larger faults curve considerably, and many
radiate from voleanic centers. The faultsin the interior
are relatively small and commonly less than 50 feet and
rarely more than 100 feet in throw; only along the
northeast and east sides has much tilting occurred, and
this tilting was eastward. Marginal faults are con-
cealed except for a few poor exposures north of 4,645
pealk.

The White Throne Mountains probably are bounded
by marginal faults of post-Bunejug pre-Paiute age,
and a few faults are exposed on the east front and pedi-



QUATERNARY STRATIGRAPHY 17

ment. No mappable interior faults were found,
although this area was much affected by post-Truckee
and intra-Bunejug faulting (p. 15).

At Rainbow Mountain, post-Bunejug pre-Painte
faulting is difficult to assess because the Bunejug fornua-
tion is absent, but the faults separating the horsts
(undelain by the basalt and dacite of Rainbow Moun-
tain) from the grabens (underlain by the Truckee
formation) probably had much of their displacement
at this time. Their displacement probably was accom-
panied by minor adjustment of earlier faults in the
interiors of the main blocks, From the eastern edge of
Sehoo Mountain to the vicinity of Kagles House is a
closely faulted area. Probably only part of the move-
ment is of post-Bunejug pre-Paiute age. Relatively
little tilting has taken place. Few faults are exposed
in the rest of the Lahontan Mountains, owing to the
general cover of surficial sediments.

In the small part of the Stillwater Range that extends
into the map area most of the faults strike northward
although o few strike west. Displacements are down
on the west and south, and little tilting has occurred.

CONFIGURATION OTF THE BEDROCEK FLOOR OF THE
BASTN

A little information on the configuration of the bed-
rock (pre-Quaternary) floor of the basin is awvailable
from reconnaissance airborne magnetometer traverses
(p- 16, 22) and well logs. Several areas near the edges
of the basin are known to be underlain by pediments
cut on Tertiary rocks and buried bry Paiute and younger
deposits. Abrupt magnetic discontinuities and deep-
ening of the younger sedimentary fill suggest that the
pediments generally terminate basinward in buried
fault scarps. In places the buried pediments extend
basinward for considerable distances before they are
thus terminated—about 2 miles from the front of the
Desert Mountains, 1 to 214 miles from the Dead Camel
Mountains, and 1 to 3 miles from the east front of the
Cocoon Mountains.

The magnetometer traverses also show, however, that
in a few places the bedrock plunges rapidly to depth
along buried scarps close to present mountain fronts,
and here pediments are almost lacking. The only
examples in the map area are along the north front of
the White Throne Mountains and the west front of the
Bunejug Mountains, where buried scarps are associated
with the Wildcat fault zone.

For the interiors of the basins, the magnetometer
data suggests that the bedrock floor lies not closer than
several hundred feet below the surface, and well logs
suggest that it ranges in depth from several hundred
to more than 1,000 feet. The floor seems to be deepest

beneath the southern and southeastern part of the main
basin (Carson Lake, Stillwater Slough, and Stillwater
Liakes areas). For example, an oil-test well two-thirds
of a mile northwest of the north end of Rainbow
Mountain penetrated basalt at about 58 feet, yet a
500-Loot well 414 miles to the northwest, in sec. 28, T. 19
N., R. 30 E,, penetrated only unconsolidated sediments,
and a well at the Naval Auxiliary Air Station is
reported to have been drilled to almost 1,700 feet in
unconsolidated sediments.

QUATERNARY STRATIGRAPHY
METHODS OF STUDY

Early research on the late Quaternary lakes in the
Western United States centered on their geomorphic
features, such as beach terraces, spits, bars, and deltas,
rather than on their stratigraphy. In the presentstudy,
and in recent studies in the Lake Bonneville area by
Hunt and others (1953) and by Bissell (1963) the
emphasis has been on stratigraphy rather than geo-
morphology; stratigraphic units have been mapped
instead of landforms, although lacustrine and subaerial
landforms were studied. Shore terraces, bars, and spits
show lake maximums and stillstands, but the morpho-
logic relations of these landforms alone, even those of
the younger lakes, generally do not give full informa-
tion on either their order of development or other de-
tails of lake history, such as the lower limits of lake
recessions.

The stratigraphic record, however, is difficult to study.
Many of the units are difficult to trace and correlate
because of their rapid facies changes and their lith-
ologic resemblances; good marker horizons and
diagnostic fossils are scarce. The unconsolidated
deposits slump readily and good exposures are sparse
and discontinuous. Highland washes rarely expose
more than 50 feet of section, and cominonly only 5 to 20
feet; moreover, they flow so infrequently that their
banks are badly shwoped. The lowlands are mostly
devoid of stream dissection, but the scarps of deflation
basins locally reveal fairly thick sections. The exten-
sive systems of irrigation and drainage canals, locally
as deep as 15 feet, have made particularly good and
continuous exposures.

The techniques used for this study are similar to those
used in general geologic mapping: separating the
deposits into mappable (rock-stratigraphic) units,
determining the superposition of the units, mapping
their contacts, and noting lateral and vertical changes
in lithology, as well as the altitude range and strati-
graphic range of unconformities. Because fossils are
meager and relatively nondiagnostie, the deposits had to
be studied as essentially nonfossiliferous rocks.
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Gullies, canals, and other places exposing the best
deep sections were given principal attention. The
stratigraphic units were then mapped across interven-
ing areas where surficial materials are poorly exposed,
mostly by using soil texture; this was occasionally aug-
mented by auger holes a foot to several feet deep. In
the more detailed mapping of the Carson Lake and
Stillwater quadrangles and the special larger scale
maps, the surficial deposits below the highest shoreline
of Lake Lehontan were differentiated only where they
consisted of reworked or transported (introduced) sedi-
ment differing distinetively in texture, composition, or
bedding from underlying material and were at least
a foot thick. In the less detailed mapping of the Fallon
and Soda Lake quadrangles, however, only deposits
more than 8 feet thick, below the highest shoreline, were
generally mapped; morecver, the widespread cover of
eolian sand of Turupah and Fallon age was ignored in
order to simplify map patterns. However, in places
deposits thinner than 1 or 3 feet were mapped if they
were deemed particularly significant. Above the high-
est shoreline, in all the quadrangles, a 5-foot minimum
thickness was used in mapping the surficial sediments
to minimize the colluvial cover, and because these sub-
aerial sediments were considered less significant for
deciphering the late Quaternary history.

Several hundred stratigraphic sections were meas-
ured in order to record the thickness, areal extent, and
facies changes and superposition of the stratigraphic
units., Information on buried deposits was obtained
by augering, trenching, or digeing pits; 150 auger holes
were put down by hand to depths ranging from 6 to 30
feet in Carson Sink and other areas of poor exposures.
All available driller’s logs of wells were collected.
Selected stratigraphic sections, soil-profile sections, and
well logs are given in tables 10,11, and 12; many others
have been published separately (Morrison, 1958a).

The pattern of Lake Lahontan and younger stratig-
raphy and the history were pieced together from many
key localities by mapping a large area. They probably
could not have been worked out reliably by merely
measuring isolated stratigraphic sections without map-
ping the deposits in the intervening areas.

Analysis of lake history—The primary objective of
the study was to decipher the lake history. The lake
maximums and main stillstands were determined by
mapping the deposits of each significant lake cycle and
observing their relations to shore features. The lake
minimums—much more difficult to determine—were
found by noting subaerial features developed upon or
intercalated between lake sediments, and tracing those
of a given age to their lowest altitude limit. These
subaerial features include alluvial, colluvial, or eolian

sediments, unconformities representing subaerial ero-
sion, soils, mud cracks, sand dikes and dikelets, root
casts and molds, land-plant and marsh-plant remains in
place, and land-animal remains and coprolites. Sub-
aerial exposure, or at least a major drop in lake level,
also is suggested by shallow-water deposits such as lake
gravel or algal tufa interbedded with deep-lake sedi-
ments. It is critical to determine the vertical range of
each unconformity or recessional unit; merely identify-
ing one at a single altitude commonly gives no indication
whether it records a break between major cycles or rep-
resents only a minor fluctuation.

Unfortunately, many exposures do not show the
breaks between different lake sedimentation cycles
clearly; commonly the breaks appear as diastems be-
canse many represent short intervals without much ero-
sion, subaerial sedimentation, or soil development, and,
in places, even without much change in lake sedimenta-
tion above and below. Tracing the subaerial features is
more difficult toward the lower parts of the basin so the
lake minimums were at least as low as determined, but
may have been still lower.

STRATIGRAPHIC USAGE

The Quaternary sediments are differentiated into
three main rock-stratigraphic units—Paiute formation,
Lahontan Valley group, and Fallon formation—by
gross differences in lithology. The Paiute formation
consists of alluvium and eolluvium older than Lake La-
hontan. The Lahontan Valley group is a succession of
intertonguing deep-lake, subaerial, and shallow-lake
sediments of Lake Lahontan and early posi-Lake La-
hontan age. The Fallon formation contains the younger
subaerial sediments and the shallow-lake deposits with
which they intertongue.

The formations are differentiated by general vertical
and lateral differences in lithology. One formation
may be characterized by deep-lake sediments; another,
intertonguing with it, may be entirely subaerial, and
still another, overlying the first, may consist of inter-
tonguing subaerial and shallow-lake sediments (fig. 1,
pl. 12). The formations are rock-stratigraplic units,
differentiated on the basis of lithologic character and
not on either inferred climate during deposition or as-
sumed age differences. Their main differences are be-
tween lake and subaerial sediment relations and the for-
mations are thus most clearly differentiated where lake
beds occur. Above the lake maximumns the formations
are differentiated by lithology of alluvial gravel, by
proportions of alluvium and eolian sand, and by soils,
but their boundaries commonly are less sharply defined.

Two formations of the Lahontan Valley group, the
Selioo and Indian Lakes formations, as well as the

—
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Fallon formation, are subdivided on the basis of their
intertonguing lake and subaerial deposits. In the
Sehoo and Indian Lakes formations individual mem-
lers or tongues are single units of either lacustrine or
subaerial sediments; in the Fallon formation several
intertonguing lacustrine and subaerial units comprise
each member, and the individual units are locally differ-
entiated as lacustrine or interlacustrine (pls. 3, 4; fig.
25). The members, tongues, and units generally are not
mapped but are designated in many of the stratigraphic
sections in table 10.

Each formation, member, or unit includes several
lithofacies. The lacustrine units generally consist of
lake gravel, sand, silt, clay, tufa, and locally a little
volcanic ash. The subaerial units contain alluvium
and colluvium, eolian sand, and locally, shallow-lake
sediments. On the quadrangle geologic maps, subdivi-
sion of formations generally is by lithofacies alone.

SOILS

DEFINITION AND GENERAL FEATURES

Soils of several different ages are associated with the
late Quaternary sediments. The term “soil” is restricted
in this report to mean a profile of weathering, or soil
profile, consisting of a layer of material that is discern-
ibly weathered by chemical and. physical surficial
agencies. The soils range in degree from very weak to
very strong, and each maintains the same degree of
development relative to the others wherever it occurs.
The more strongly developed ones have vertical zona-
tion into soil horizons, corresponding to the zonal and
intrazonal soils of soil scientists, but the weakly de-
veloped soils hiave only incipient indistinet zonation.
Zonal soils are those whose most iimportant characteris-
tics reflect the influence of climatic and biologic factors
acting on well-drained parent material for a long time,
whereas intrazonal solls owe their distinguishing char-
acteristics less to climatic, biologic, and time factors
than to the effects of parent material or topography,
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which locally may overbalance the effects of other soil-
forming factors.

Fach soil maintaing a consistent age relation to the
associated deposits, akin to a rock-stratigraphic unit,
and is defined on the basis of this relation. Itis given
a local geographic name independent of the soil names
of agronomic soil scientists, and a type locality is des-
ignated. The soils are not mapped, but are designated
in many of the stratigraphic sections in table 10, and
are described in detail in the soil-profile sections in
table 11,

In the area mapped for this study, five soils were
found to be sufficiently well developed and widespread
to merit formal names (fig. 4). They are the following:

Cocoon soil —the oldest and most strongly developed
and oceurs on deposits as young as the uppermost beds
of alluvial gravel and colluvium of the Paiute forma-
tion (a-b, relict occurrence; b-b’, buried occurrence,
fig. 4).

Churchill soil—strongly developed, intermediate in
development between the Cocoon and Toyeh soils. It
lies on deposits as young as the uppermost subaerial
beds of the Wyemaha formation (5-¢, relict eccurrence;
¢-¢’, buried occurrence, fig. 4). The soil is not evident
where it developed on relicts of the Cocoon soil becauge
of the stronger development of the Cocoon.

Harmon School soil—very weakly developed and
therefore occurs only as a buried profile because in
relict occurrences it is masked by the more strongly
developed Toyeh soil.

Toyeh soil.—moderately developed compared with
the other soils. It occurs on deposits as young as the
uppermost beds of the Turupah formation {e-d, relict
oceurrence; d-d’, buried oceurrence, fig. 4). It is not
evident where it developed on relicts of the Churchill
and Cocoon soils owing to the stronger development
of these soils.

“L” Dyrain soil~found on deposits as young as the
second lake unit of the Fallon formation, and so weal-
ly developed that it is not distinguishable where it

“L' Drain soil €
Toyeh sgit &
Harmon Schoot soil

Ficore 4.—Diagram showing the age and stratigraphic refations of the five main (named) late Quaternary soils in the Carson Desert area.
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developed on relicts of the older soil, (d-¢, relict occur-
rence; e-¢’, buried occurrence, fig. 4).

These five soils are the only ones with true soil pro-
files that have been recognized. The deposits that are
intermediate in age between each of these soils are
devoid of any evidence of coeval soil development,
except for two horizons of incipient weathering (ex-
tremely weak soil development), one of thinolite reces-
sionage and the other of middle Eetza age.

Each soil occurs both where it has been buried by
younger deposits, and where it has remained at the
land surface ever since its formation. The former is
called a buried soil, and the latter a relict soil. The
more strongly developed soils of the Carson Desert
area generally show almost no secondary profile modi-
fication, other than local erosion and, in the case of the
older soils, development of a younger soil horizon in
the upper several inches of relict occurrences (p. 25,
40). The absence of secondary meodification in the
main part of the soil profile is shown by the profiles
of uneroded relict soils being virtually the same as
buried ones of the same soil. The weak soils, however,
except the very youngest, are preserved only in buried
occurrences; persumably they were altered during sub-
sequent intervals of stronger soil development wherever
they were relict.

The stratigraphic record shows that each soil is of
a distinct geologic age, separated from the other soils
by intervals of negligible soil formation. The geologic
age of a soil is determined from that of the youngest
deposit or erosion surface on which it is formed and
that of the oldest deposit which overlies it, in as many
different environments as possible.

The more strongly developed soils are among the
most useful stratigraphic markers in the late Quater-
nary succession. Once the geologic age of such a soil
has been determined, relict occurrences can be used with
assurance as well as buried ones; relict occurrences are
by far the most common and therefore the most useful.
Soils are practically time-parallel (p. 109), and hence
they are useful for time-stratigraphic correlation and
may be used to define time-stratigraphic units. Strati-
graphic attributes of soils have been discussed by
Richmond and-Frye (1957).

SOIL PROFILE

A soil is characterized by zonation into soil horizons;
the aggregate of the several horizons is called the soil
profile. The horizons differ in color, texture, chemical
and mineralogic composition, structure, and other
properties, and are more sharply differentiated with
increasing development of the soil.

The following three horizons occur in the soils of the
Carson Desert area:

GEOLOGY, CARSON DESERT, NEV.

Vesicular {A) horizon~The uppermost or A hori-
zon is not the usual type found in soils of more humid
areas; here it consists of sandy loam, loam, or pebbly
sandy loam that is partly leached of clay and carbonate
and has a vesicular structure. This horizon, called
the vesicular horizon, is lacking in the older soils. It
has a sharp lower boundary.

Owide (B) horizon—~The middle horizon, here called
the oxide horizon, is characterized by enrichment of
clay and iron oxide and generally by low or absent car-
bonate. It is present in all the soils, although in the
wealter ones it is incipiently developed. The B., or B,
subhorizon is marked by accumulation of caleium car-
bonate in the lower part of the B horizon, and is tran-
sitional into C,, horizon.

Caleareous (C.) horizon.—The lowermost true soil
horizon, here called the calcareous or C., horizon, con-
tains an accumulation of calcium carbonate. It occurs
in all the soils of this area.

Below the true soil profile are the C and D horizons
of the soil scientists; these designations are not nsed
in this report. The C horizon refers to unconsolidated
mantle, either residual or transported, which may be
the parent material for the soil and the D horizon is
bedrock.

In the Carson Desert area each soil horizon has simi-
lar general characteristics wherever it occurs, although
in soils of different age it commonly differs considerably
in degree of development.

Grood profiles of the older soils are restricted to loca-
tions exceptionally well protected from erosion. The
upper horizons are particularly liable to erosion, but
the C.a horizon is resistant where well developed.

CLASSIFICATION

Soil scientists in the United States classify soils into
several categories. These are, in order of decreasing
magnttude : soil order, great soil group, soil family, soil
series, and soil type. In this report soils are classified
according to great soil group, in preference to the
smaller categories of soil series and soil type which
are the fundamental working umits of the soil scien-
tist. The great soil group is most useful for the surficial
geologist becanse it stresses general profile characteris-
tics, rather than minor differences caused by differences
in parent material and local factors, The minor differ-
ences generally are irrelevant to the differentiation and
use of soils as rock-stratigraphic markers.

In an area having considerable range in climate and
vegetation, a soil of a given geologic age may pass from
one great soil group into others; such changes are con-
sidered to be changes in facies of a soil. The climatic
range within the Carson Desert area is small, however,
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and each soil has only a single facies; however some of
the younger soils have a special local facies developed in
poorly drained areas.

DESCRIPTIVE TERMINOLOGY

Soil descriptions in this report accord with present
practice by soil scientists in the U.S. Department of
Agriculture, as outlined in the Soil Survey Manual
(U.S. Dept. Agriculture, 1951). As the terminology
is unfamiliar to many geologists, the definitions are
summarized below.

Color—Soil colors refer to the dry soil, using the
Munsell soil-color system of notation and nomenclature
(U.S. Dept. Agriculture, .1951, p. 194-203). Many
Munsell soil-color names differ—although symbols are
the same-—from standard Munsell color names that are
used in this report for describing geologic deposits
other than soils.

Tewture~—Soil texture refers to the proportions of
clay, silt, and sand below 2 mm in diameter. The prin-
cipal textural classes, based on the relative proportion
of each, are: sand, loamy sand, sandy loam, loam, silt
loam, clay loam and clay (U.S. Dept. Agriculture, 1951,
p. 205-923).

Structure.—Soil structure is an especially diagnostic
property. It refers to the shape of aggregates of pri-
mary soil particles, called peds, which are separated
from each other by surfaces of weakness. Their size,
shape, and distinetness vary widely with different ge-
netic factors. The following terms describe the soil-
structure types of the Carson Desert area: Columnar,
arranged in vertical prisms, having small horizontal
dimensions compared to their vertical dimensions; ver-
tical faces well defined and vertices angular; rounded
caps. Prismatic, same as columnar but without rounded
caps. Platy, relatively thin horizontal plates. Blocky,
blocklike ; blocks or polyhedrons having plane or curv-
ing surfaces. Granular, hard or soft but cohesive small
aggregates, angular or rounded. Vesicular, character-
ized by spherical or egg-shaped cavities one sixty-fourth
to more than one-fourth ineh in diameter. Dimensions
of the structure types are indicated by adjectives such
as very fine, fine, medium, coarse, and very coarse,
following the specifications in the Soil Survey Manual
(U.S. Dept. of Agriculture, 1951). Degree of develop-
ment of these types is denoted by the terms “strong,”
“moderate,” “weak,” and “structureless” (or “massive,”
if coherent; “single-grain,” if incoherent). Thus,
“moderate medium columnar” means “moderately de-
veloped columns of medium (20 to 50 mm across) size.”

Consistence—Soil consistence is the resistance to
separation or deformation of individual peds, and is
described in separate terms for the standard moisture

states: dry, moist, and wet. Degrees of consistence are
determined : (a2} when dry, by resistance to granulation
between thumb and fingers, and are described as loose,
soft, slightly hard, hard, and very hard; (b) when
moist, by resistance to rupture between thumb and
fingers, described as loose, very friable, firm, very firm,
and extremely firm; and (e¢) when wet, by pressing
between thumb and fingers, described as nonsticky,
slightly sticky, sticky, and very sticky, and as nonplas-
tic, slightly plastie, plastic, and very plastic.

Boundaries—Boundaries between soil horizons are
described in terms of width as: abrupt, less than 1 inch
wide; clear, 1 to 214 inches wide; gradual, 214 to 5
inches wide; and diffuse, more than 5 inches wide.
Soil boundaries are deseribed in terms of shape as:
smooth, nearly a plane; wavy or undulating, pockets
are wider than their depth; irregular, pockets are
deeper than their width; and broken, parts of the
horizon are unconnected with other parts.

General terms for degrees of soil development.—Rela-
tive degrees of soil development are expressed in this
report as very strong, strong, moderate, weak, very
wealk, and incipient. These designations express the
sum of different. characteristics of the whole profile—
thickness, color, structure, cousistence, and pH—and
acewnulation of clay, iron oxide, and ealcium carbonate
in individual horizons. Differences in degree of devel-
opment are evalauted by comparing soils developed on
parent material that is stmilar in both lithology and
permeability, on flat or gentle well-drained slopes.

One of the best indices of degree of soil development
in the Cargson Desert area, both for buried and relict
soils, is the thiickness and density of calcium carbonate
accumulation in the C.. horizon. This horizon com-
monly is a better index than the oxide horizon; the ve-
sicular hiorizon is not a reliable index.

GREAT SOIL GROUPS

Odlcie Brown soils.—Caleic Brown soils are zonal soils
characterized by an A horizon, 0 to 8 inches thick, partly
humus and partly mineral, brown to brownish gray,
slightly acidic to neutral, and partly leached of clay and
sesquioxides; a B horizon of clay and sesquioxide ac-
cumulation, 4 to 24 inches thick, that is brown, pris-
matic to blocky, and slightly acidic to mildly alkaline;
and a C,, horizon of carbonate accumulation, 114 to
locally 10 feet thicls, that is pale brownish gray to nearly
white, weakly blocky to massive, moclerately to strongly
allraline, and gradational into parent material. The two
most strongly developed soils in the Carson Desert area,
the Cocoon and Churchill soils, have all the character-
isties of Caleic Brown soils except that the A horizon
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in relict occurrences resembles the vesicular horizon of
Gray Desert soils in being pale gray, lacking humus, and
having a strong vesicular structure. This horizon prob-
ably is younger than the rest of the profile and not prop-
erly a part of the Cocoon or Churehill soils.

Gray Desert Soils—Gray Desert soils as designated
by the U.S. Department of Agriculture vary widely
from the type soil of this great soil group, the Portneuf
silt loam (Lapham, 1932), and overlap into the Caleic
Brown, Sierozem, and Red Desert great soil groups.

A restricted definition is used here: A Gray Desert
soil is generally intrazonal but in places is zonal, and it
is characterized by: (a) an A horizon 0 to 4 inches
thick, of nonhumic sandy to clayey loam, light gray to
light brown, weakly to strongly alkaline, friable, gen-
erally weakly to moderately platy but locally columnar,
and locally vesicular at the top or throughout; locally a
layer of gravel, generally only one pebble thick, over-
lies this horizon; (b) a B horizon having a slight to
moderate accumulation of clay and sesquioxides, 4 to 18
inches thick, brownish gray to light brown, slightly
hard to hard, blecky to prismatic, neutral to mildly
alkaline, and generally gradational into the C. horizon;
and (c) a Ce horizon of calcium carbonate accurmula-
ticn (and locally some calcium sulfate accumulation),
which has less segregated calcium carbonate than Calcic
Brown soils; it is 6 to 80 inches thick, light brown to
pale gray, weakly blocky to massive single grain, mildly
to strongly ‘alkaline, and gradational into parent
material.

Variants toward Solonchak and Solonetz soils—The
Gray Desert soils of the Carson Desert locally vary to-
ward Solonchak and Solonetz soils, which are saline
soils formed where parent material is saline or where
poor drainage has caused salt accumulation. The vesic-
ular horizon generally is absent; instead, these soils
have a white to light-gray salty crust in places, about
a quarter of an inch thick, underlain by half an inch

to several inches of light- to dark-gray highly aggre--

gated (flocculated) clay loam or c¢lay having a strong
fine-granular structure and loose to fluffy consistence
(termed “self-rising ground” where well developed).
The B horizon is darker gray or brown gray, moder-
ately compact, and has a structure ranging fromn strong
columnar {Solonetz soil) to granular (Solonchal soil).
The C.. horizon generally has only moderate calcium
carbonate concentration and is only several inches
thick.

PRE-LAEKE LAHONTAN EROSIONAT, FEATURES

The highlands had almost exactly their present
shapes when they were first inundated by Lake Lahon-

tan. This is evident not merely from comparing the
terrain above and below the highest shoreline, but also
from the contact at the base of the earliest sediments of
Lake Lohontan (Eetza formation), which follows a
topography differing only in minor details from the
present one. Pre-Bunejug erosion surfaces are exposed
only locally where the mantle of younger Cenozoic rocks
has been eroded. The oldest erosion surface manifest
in the present topography is one of late-mature relief;
it is younger than the upper part of the Bunejug for-
mation and older than most of the pre-Paiute faulting,
of which traces are locally preserved on the summit
plateaus (fig. 34). This surface seems to be better
preserved in nearby higher mountains east, south, and
west of the area. The major erosicnal features of the
present highland topography postdate this surface, and
hence are largely or entirely of Quaternary age,

Pediments—The earliest well-preserved extensive
erosion surfaces are pediments that have been cut on
Tertiary rocks at the edges of mountains. The pedi-
ments are mostly buried by younger deposits, but their
upper fringes are locally exposed in washes. Their
buried extent is revealed by well logs and by mag-
netometer traverses (p. 17). They developed in post-
Bunejug pre-Paiute time during an interval between
two major climazes of basin-and-range faulting (p.
16). Within the map area only one general level of
pediments is discernible, but elsswhere in the region
two or more levels have been identified (Jenney, 1935,
p. 65—67; Thompson, 1956, p. 69).

The largest areas of partly exposed pedimnents are
Wyemaha Valley and the saddles between Sehoo Moun-
tain and Rainbow Mountain, and between Rainbow
Mountain and the Stillwater Range. Their lower alti-
tude with respect to the bordering mountains is prob-
ably due largely to differential erosion of the soft
Truckee formation.

Cangyons—The valleys in the mountains are in the
early mature or, locally, the youthful stage of develop-
ment. They dissect the Bunejug fornation, but terrace
remnants, veneered with alluvial gravel of the Paiute
formation, show that they were cuf nearly to their
present depth by Painte time. That they had attained
virtually their present forms before the advent of Lake
Lahoutan is shown by the ubiquitous colluvium of the
Paiute formation, bearing the Cocoon soil, on the valley
glopes above the bighest shoreline, as well as by the
topographic relations of the contact at the base of the
Eetza formation. Post-Painte erosion hias amounted to
generally less than 30 feet of downcutting of the stream
channels and to negligible modification of the valiey
slopes by mass-wasting. ‘
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BASALT OF RATTLESNAKE HILL

Basalt of probable Quaternary age forms the small
voleano, Rattlesnake Hill, 1 mile northeast of Fallon.
Rattlesnake Hill is a much-eroded cone 1 mile in diam-
eter and 200 feet high; it has several summits that sur-
round o shallow crater 1,000 feet in diameter at the
center of the cone. The basalt is largely covered by
Lake Lahontan sediments and young eolian sand. It
is mostly black to dark-gray flows that appear to have
low outward dips where they are best exposed, as in
the quarries on the northwestern side of the hill. The
crater is underlain by locally exposed basaltic agglom-
erate—a brick-red to deep-purple-red chaotic mass of
vesieular basalt blocks of all sizes in a finer matrix
and some blocks of sandstone and shale. Pebbles of
rhyolite, mafic porphyry, and quartzite or chert also
oceur sparingly in the gravel of Lake Lahontan derived
from this area; their only possible source is from the
basalt, indicating that they were carried up from below
in the vent. .

‘The basalt flows probably were extruded by quiet
eruptions from the Rattlesnalte Hill vent. The ag-
glomerate fills a later vent, which was drilled up
through these flows during a final phase of explosive
voleanism.

Caliche, typical of the lower part of the Cocoon soil
(p. 25,28),1s locally preserved in the uppermost parts of
the flows and agglomerate in spite of several wave ero-
sions by Lake Lahontan; its presence suggests that the
basalt of Rattlesnake Fill is older than the Cocoon soil.
The earliest unit of Lake Lahontan sediments, the
Eetza formation, also rests on the basalt, showing it to
be older than Lake Lahontan.

Seven wells near Rattlesnake Hill penetrated basalt
or reported basalt beneath several hundred feet of Qua-
ternary sediments. Somne of these wells may have pene-
trated buried tongues of basalt of Rattlesnale Hill, but
others may have penetrated buried hills of the Bunejug
formation. The basalt generally is a good aquifer and
yields water of better quality than other aquifers in
the area. Of these 7 wells, 2, located 114 miles south-
west of the center of Rattlesnake Hill, penetrated basalt
at 455 feet; they arve used for Fallon’s municipal water
supply. Another well, about 2 miles southeast, supplies
the Naval Auxiliary Aiv Station; the other wells are
3% miles west, 2 miles southeast, 4% miles north-

northeast, and + miles east-southeast of Rattlesnake
Hill,
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PRE-LAEKE LAHONTAN LACUSTRINE SEDIMENTS

Pre-Lake Lahontan Lacustrine sediments of Quater-
nary (%) age are exposed in a gully at the lower edge of
the pediment between Sehoo Mountain and Rainbow
Mountain, in the SE14SE1) sec. 12, T. 18 N, R. 31
E., at an altitude of about 4,020 feet. They consist of
as much as 20 feet of partly consolidated lacustrine
sand, gravelly sand, and gravel (sectlon 30, table 10)
locally showing caliche that is typical of the Cocoon
soil; these disconformably underlie sediments of Lake
Lahontan. These beds intertongue with gravel to the
north that dips about 45° SE. and is part of a lake
spit or bar. The beds are unfossiliferous and their age
uncertain. .Clearly older than Lake Lahontan and the
Cocoon soil, they also may be older than the Paiute
formation, for they are better consolidated than is
usual for this formation. They are less consolidated
and less tuffaceous than most Truckee deposits and con-
tain pebbles of Truckee lithology, so they are probably
of post-Truckee age. The exposure is in a fanlt sliver
downfaulted, with respect to the Truckee, to the south.

This exposure is the only one of shore deposits or
shore features of a lake older than Lalke Lahontan, de-
spite the fact that the McGee and Sherwin Glaciers in
the Sierra Nevada were greater than the Tahoe and
Tioga ones that are correlative with Lake Lahontan
eycles (p.110 and pl. 12).

PAXUTE FOERMATION

General features—The youngest sedimentary unit of
pre-Lake Lahontan age has been named the Paiute
formation (Morrison, 1961a) after Paiute Wash; it con-
gists of alluvial gravel and colluvitm. This formation
is exposed in the mountains and on the piedmonts bor-
dering the basins. It overlies the Bunejug formation
and older rocks with pronounced unconformity, and is
overlain by the Eetza formation of the Lahontan Valley
group with slight or no disconformity. Intermediatein
age between it and the Eetza formation, however, is the
Cocoon soil, which has a very strongly developed soil
profile, and hence is an excellent marker for differen-
tiating the pre-Lalke Lahontan deposits from the La-
hontan Valley group. _ '

The type locality of the Paiute formation is Paiute
Wash (sec. 8, T.16 N., R, 31 E.) on the piedmont north-
east of the Cocoon Mountains. The banks of this wash
expose well the stratigraphic relations of alluvial gravel
of this formation to the Cocoon soil, Bunejug forma-
tion, and Lahontan Valley group (section 56, table 10},

Alluvial gravel.—The bulk of the Paiute formation
is alluvial-fan gravel, which is exposed locally in the
mountain valleys and on the pledmonts. Generally the
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exposures are above altitudes of 4,040 feet, although on
the eastern piedmont of the Cocoon Mountains, border-
ing Fourmile Flat, the Paiute is exposed as low as 3,960
feet. Below the high shore of Lake Lahontan this grav-
el is mostly buried by younger sediments; a few
washes—notably Paiute Wash—have cut through this
veneer. In the mountain canyons only rare tiny
patches of the gravel have survived later erosion; more
extensive deposits are preserved in a few mountain
basins, such as those in the central Bunejug and north-
ern Cocoon Mountains. Maximum exposed thickness
of the gravel is about 40 feet, along the middle part of
Paiute Wash. Much greater thicknesses, locally more
than 150 feet, are exposed along the western side of the
Stillwater Range a few miles northeast of the map area.

The distribution and general shape of the alluvial
fans of this gravel commonly can be distinguished, de-
spite widespread cover by younger sediments, by their
transverse profiles, local exposures, and size—these fans
are much larger than any of the younger ones. There
is no evidence of significant dissection of their surfaces
prior to the first rise of Lake Lahontan, nor are there
significant unconformities or interbedded soil profiles in
their gravel; the exposed part of the gravel is inter-
preted as recording only a single interval of alluviation.

Throughout the map area the alluvial gravel is boul-
der to coarse pebble gravel, poorly sorted, torrentially
bedded, angular to subangular, and is characteristic of
steep- to moderate-gradient ephémeral washes in arid
regions. Therock fragments are the rocks in the drain-
age area—chiefly basalt and andesite. Generally the
proportion of interstitial fines is low and these are
mostly silt and clay rather than sand. This gravel
typically is less sandy than the younger alluvial gravels,
especially that of the Wyemaha formation (p. 36).

Colluwium.—Thin sheets of colluvinm of Paiute age
veneer many mountain slopes above the high shore of
Lake Lahontan. Below the high shore this colluvinm
is rare, having been reworked by waves. In the moun-
tain valleys the colluvium grades into and interfingers
with alluvial gravel of the Paiute formation. It is
grouped with the alluvium on the geologic maps.

The colluvium is mainly solifluction mantle, creep
mantle, and local slide rock (talus) beneath cliffs. It
extensively conceals the bedrock in areas back from the
frontal scarps of the mountains, resulting in smoothly
rounded slopes. It is a foot to several feet thick on the
mountainsides, but commonly thickens to more than 5
or even 10 feet near the base of the slopes and in saddles.
Only deposits more than § feet thick are mapped. This
thickening evidently is due to slow downslope move-
ment, for crude stratification and shingle structure that
parallel the land surface are common. Generally the

colluvium is strongly eemented by caleium carbonate,
which is inferred to be the C. horizon of the Cocoon
soil. This colluvium commonly is mantled by 1 or 2
feet of younger colluvium, which is not differentiated
on the geologic map.

Age—~—The Paiute formation seems to be of late pre-
Lake Lahontan Quaternary age because no large uncon-
formities or lithologic discontinuities are evident in the
exposed formation, the Cocoon soil is conformable upon
it, and that soil is immediately older than the earliest
deposits of Lake Lahontan {Fetza formation).

BURIED PRE-LAEKE LAHONTAN QUATIRNARY
SEDIMENTS

Logs are available for many deep wells drilled in
the lowlands, but correlations with exposed deposits are
not reliable below the top few feet. Equivalents of the
Palute formation doubtless exist in the subsurface of the
basin interior, and even older Quaternary sediments
may be present, but they cannot be identified in any of
the logs.

COCOON BOIL

GENERAL FEATURES AND RELATIONS

The youngest exposed beds of alluvium and colluvium
of the Paiute formation bear a soil that has a very
strongly developed profile. This soil also oceurs locally
on older rocks, but not on younger ones. It directly
underlies the earliest unit of the Lahontan Valley group
(Eetza formation) and thus postdates the Paiute forma-
tion and predates the Lahontan Valley group.

This soil is called the Cocoon soil, after its type local-
ity at the edge of the Cocoon Mountains. It is a Calcic
Brown soil and much more strongly developed than any
younger soils of the area. In degree of development
it resembles the pre-Wisconsin paleosol in the Rocky
Mountain region (Hunt and Sckoloff, 1950). The Co-
coon soil is the same as the soil that was called (Mor-

--rison, 1961a) the pre-Lake Lahontan soil.

The Cocoon soil is exposed only in the highlands.
Above the highest shore of Lake Lahontan it is widely
exposed, commonly as relicts, both on bedrock and on
alluvium and colluvium of the Paiute formation, = Be-
low the highest shore it is rarely exposed, having been
eroded by waves in all but the most sheltered locations
or buried by younger sediment; exposures of such
buried ocecurrences have been found at altitudes as low
as 4,000 feet.

Type locality—The type locality of the Cocoon soil
1s Paiute Wash, which heads in the Cocoon Mountains.
Here this soil is developed on alluvial gravel at the
type locality of the Paiute formation (section 56, table
10), beneath gravel of the Eetza formation and eclian
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sand of the Wyemaha formation. It is exposed for
more than 1 mile upstream along the main wash and
its tributaries, and is particularly well exposed in the
basin south of the 4,645-foot summit in the Cocoon
Mountains (fig. 5). Unfortunately this locality does
not illustrate the full profile of the soil, for the B hori-
zon is partly or completely eroded; only the C., horizon
is well preserved.

PROFILE CHARACTERISTICS

In the area mapped, the Cocoon soil is exposed in o
comparatively small altitude range, from about 4,000
to 5,300 feet. It is a Calcic Brown soil throughout
this altitude range; the soil shows no appreciable dif-
ference in development on similar parent material and
comparatively small variation on different parent
material.

The complete nndisturbed profile of this soil is rarely
seen ; most exposures have been eroded by waves, wind,
slope wash, or mass wasting. The original A horizon
was nowhere found; the B (oxide) horizon generally
is partly or entirely eroded or reworked. The C., (cal-
careous) horizon iz least eroded, largely because of its
resistant heavy cementation, Tle calcareous horizon
is sufficiently diagnostic to distingnish the Cocoon from
the younger less strongly developed soils.

The character of the upper part of the Cocoon soil is
well shown in two profiles, 58S and 598 (table 11),
from shallow pits dug on the summit plateau of the
White Throne Mountains (fig. 6A).

The sites were carefully selected to be as free as pos-
sible from younger erosion and deposition; they are
on nearly level broad ridge crests. The parent mate-
rial is colluvium—solifluction mantle and creep man-
tle—of the Paiute formation, which overlies basalt of
the Bunejug formation. The pits were dug only a few
inches into the basalt, so they did not reach the bottom
of the calcareous horizon.

These and other relict occurrences of the Cocoon soil
commonly show, at the top, a vesicular horizon of 1 to
40 inches of pale pinkish-gray sandy loam or loam
with highly vesicular structure, which resembles the
vesicular horizon of the Toyeh soil (p. 79). Because
this horizon commonly crosscuts the oxide horizon of
the Cocoon soil and because it is not present in buried
oceurrences, it is believed to be younger than the Cocoon
soil and not part of its original profile,

The oxide horizon of the Cocoon soil is preserved only
on flat or gently sloping surfaces that are well protected
from erosion; elsewhere it is generally eroded or dis-
turbed by creep and solifluction. It consists of reddish-
brown to brown clay loam and is appreciably more
clayey than the parent material, typically stony, granu-
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lar to subangular blocky to prismatic in structure,
slightly hard to hard when dry, and slightly plastic
when wet. Most of the larger rock fragments are pe-
ripherally stained and softened but have fresh interiors;
relatively few are soft throughout. This horizon is
generally only a few inches, and at most about 1 foot
thick, In the lower several inches, transitional into
the C,, horizon (the B, subhorizon) the color lightens,
the clay content decreases, and in places small segrega-
tions of calcium carbonate are present. The oxide hori-
zon has more clay, is darker and redder, and has a
greater maximum thickness than the oxicde horizons
of any of the younger soils.

The calcareous (C.) horizon is the most prominent
and resistant part of the Cocoon soil, commonly being
the only part preserved (fig. 68). It is characterized
by strong calcium carbonate (caliche) concentration in
coatings, veinlets, concretions, and disseminated parti-
cles, and consequently it is light pinkish gray to white.
The caliche resembles some kinds of lithoid tufa of
Lake Lahontan, but generally the caliche is whiter and
has a more challly or earthy luster. Thickness and
Intensity of development are influenced by the mineral
composition and permeability of the parent material
Normal thickness is 4 to 8 feet; extreme range in thiclk-
ness, 3 to 12 feet. The calcium carbonate concentration
is strongest in the upper part of the horizon and grad-
ually decreases downward. At some localities, the up-
per part commonly is crudely layered with alternating
relatively pure and less pure caleium carbonate. In the
purer layers the smaller rock particles are absent and
the carbonate is interstitial between larger fragments,
forming a breccia. This layering parallels the land sur-
face that existed at the time the soil formed. The C,,
horizon acts as o caprock where gullies or washes have
cut through it into underlying less coherent material.

No general differences in original profile characteris-
tics can be discerned in comparing the C., horizons of
buried and relict occurrences of this soil with respect
to properties that are readily observed in the field—
thickness, color, structure, consistence, general degree
of caleium carbonate concentration, and field pH. This
suggests that subsequent soil-formning processes have
not been sufficiently effective for long enough intervals
to appreciably modify relict profiles of the C.. horizon.

This horizon varies little with differences in parent
material, relative to the younger soils, Variations are
largely due to differences in calcium content and perme-
ability of the parent material. This horizon is very
strongly developed on caleie rocks such as basalt, or
sediment composed largely of it, and weakly developed
on rhyolite (compare profiles 58 and 59 with profile 46,
in table 11). The calcareous horizon is thickest in
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permeable material such as alluvial gravel, but the
calecium carbonate is more dispersed. The horizon is
thin but its caliche is especially concentrated where
dense bedrock lies at shallow depth, as where it has
formed in colluvium over basalt.

Influence of slope on profile characteristics—The
oxide horizon of the Cocoon soil is so poorly preserved
on slopes that the effect of variations in slope on its
original development is unknown. Differences in slope
up to at least 30° cause no discernible variations in
original thiclmess or intensity of development of the
Ceq horizon.

Modification by erosion or disturbance is appreciable
in at least 95 percent of the relict occurrences, but the
cemented Cg. horizon generally remains relatively un-
disturbed. Creep and solifluction have commonly
churned new material into the oxide horizon to form
colluvium, younger than the Cocoon soil, which thickens
downslope. Slope is critical: on slopes of more than
10° the B horizon is severely to completely eroded or
reworled, and on slopes of more than 25° the C,,
lorizon commonly is also appreciably eroded. Tven on
flat uplands where the profile is best preserved, the
upper part of the oxide horizon in places shows evidence
of having been somewhat eroded and disturbed.

AGE

The Cocoon soil is developed on the youngest beds of
the Paiute formation; for example, at the apexes of
pre-Lalte Lahontan alluvial fans, where alluviation
probably was active till the end of Paiute time. No
soil has been observed at lower stratigraphic levels in
the Paiute formation. The Cocoon soil (locally includ-
ing the B horizon, somewhat eroded} is overlain in
many places by the earliest gravels of Lake Lahontan,
so it ebviously is post-Paiute and pre-Ketza in age.

LAHONTAN VALLEY GROUP

Overlying the Cocoon soil and older units are
lacustrine and subaerial sediments that record a succes-
sion of five deep-lake cycles alternating with intervals
of partial or complete lake recession—these are the
series of lake fluctuations that are Lake Lahontan in
the sense that this name was used by Russell (1885).
These sediments were named (Morrison, 1961a} the
Lahontan Valley group after the term commonly used
for the southern part of the Carson Desert. Lahontan
Valley group replaces the name Lake Lahontan beds,
which is here abandoned.

The Lahontan Valley group is subdivided into five
formations—the Fetza, Wyemaha, Sehoo, Indian Lalkes,
and Turupah formations—on the basis of lithologic
differences due to two major alternations, from mainly
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deep-lake to subaerial and shallow-lake sediments.
Two formations, the Sehoo and Indian Lakes, are fur-
ther subdivided. The Lahontan Valley group overlies
the Cocoon soil and underlies the moderately developed
Toyeh so0il (p. 78) ; intercalated with it is the strongly
developed Churchill soil (p. 38-39) and two incipiently
developed soils. The group is Pleistocene in age (Mor-
rison and others, 1957, p. 390).

ENTZA FORMATION

GENERAL FEATURES

The Eetza formation, stratigraphically the lowest
unit in the Lahontan Valley group, consists of deep-lake
sediments that overlie the Cocoon soil and older units
and that underlie the subaerial and shallow-lake sedi-
ments of the Wyemaha formation. It records the first
deep-lake period of Lake Lahontan., The type locality
of the Eetza is the upper one-eighth mile of the large
southward-draining gulch in the western part of Eetza
Mountain (SW1j sec. 21, T. 18 N, R. 30 E.) Here
cobbly and bouldery lake gravel as much as 15 feet thick
overlies the Bunejug formation and underlies the Wye-
maha and Sehoo formations.

The Eetza formation is exposed only in the highlands,
where it consists of lake gravel and minor amounts of
lacustrine sand, clay, and tufa. It extends as high as
the highest shoreline of Lale Lahontan—at an altitude
of about 4,380 feet along the south margin of the Carson
Desert—about 10 feet higher than the next younger
main unit of deep-lake sediments, the Sehoo formation.
The upper and lower boundaries are sharp and readily
identifiable.

LAKE GRAVEL

Distribution, stratigraphic relations, and thickness.—
Lake gravel is the only lithofacies of the Eetza forma-
tion extensively exposed and is practically the only one
agsociated with correlative shore features. It ranges
from the highest shoreline of Lake Lahontan to as low
as 3,920 feet in exposures along Wildeat scarp north of
the White Throne Mountains, and at least as low as
3,390 feet altitude in the subsurface. It is extensively
exposed above 4,000 feet on the mountain shores close to
exposures of bedrock or Paiute formation, but generally
it is concealed by younger sedimnent elsewhere.

This gravel rests either on bedrock or on alluvial
gravel or colluvium of the Paiute formation, and gen-
erally is overlain by eolian sand of the Wyemaha forma-
tion or by gravel or sand of the Seloo formation. The
stratigraphic relations can be seen especially well at the
following places: The type locality at Eetza Mountain
the saddle between Eetza Mountain and Sehoo Moun-
tain (pls. 7, 8) ; the type locality of the Paiute forma-

*
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tion (p. 23) ; the reentrant west of the 4,645-foot peak
at the northeast edge of Cocoon Mountain (section 55,
table 10) ; and along many of the washes at the edge of
the Stillwater Range within and adjacent to the Carson
Lake quadrangle.

The gravel ranges in exposed thickness from less than
1 foot to rarely 90 feet; it normally is less than 20 feet.
The thickest exposures are in the high-shore embanlk-
ments along the north front of the Desert Mountains
(fig. 7), in mountain reentrants where bars and spits
were prominently developed, and in a few low-lying
spits opened by gravel pits. In the thickest exposures
the base of the gravel commonly is not exposed.

Lithology—Gravel of the Eetza formation typically
is boulder or cobble gravel; rarely is it pebble gravel.
Almeost everywhere it is the coarsest lake gravel of the
Lahontan Valley group. The coarsest and best rounded
gravel either is close to or directly overlies outcrops of
hard bedrock on mountain shores that were most ex-
posed to strong wave action—particularly the north
slopes of the Eetza, Sehoo, Bunejug, White Throne, and
Desert Mountains. On these shores the boulders com-
monly are several feet in diameter, and sand and pebbles

are minor constituents (fig. 8). Here also the gravel
commonly is associated with prominent rock-cut fea-
tures, such as wave-cut terraces, cliffs, caves, and small
stacks. The roof of Hidden Cave in Eetza Mountain
shows this type of deposit especially well: the gravel,
cemented by lithoid tufa of this formation (table 5}, is
more than 20 feet thick and contains boulders as much
as 5 feet in diameter. The rare exposures of pebble
gravel are in the distal parts of spits and bay bars, away
from hardrock outerops.

On shores sheltered from strong waves, the gravel is
finer and thinner. The waves commonly washed out
the finer material of the colluvium and alluvial gravel
of the Paiute formation, leaving a coarse lag concen-
trate 1 or 2 feet thick and so little reworked that the
fragments are subrounded to subangular. Cut features
are absent, and depositional features are only weakly
developed, except locally on lee shores adjacent to
shores of strong wave action, where spill-over spits
oceur.

Generally the roundstones in this gravel are entirely
andesmte and basalt, the prevailing hard rocks of the
highlands; locally they are rhyolite or silicified tuff.

Iigong T—Northern piedmont of Desert JMountaihs, showing exceptionally thick bigh-level embaunliments of grave! of Eetza formation and

lower member of Seioo formation, and loeally prominent wave-cuf elilfs.

This shore foces direetly north and was exposed to very strong

waves, with fetches of 30 to 70 miles northwestward to northenstward during the higher tevels of the Eetza nnd eariy Sehoo Inkes.
TFereground shows elay of Seboo formation, which grades rapidly upslope into gravel of this formation ; this gravel mantles most of the

piedmont up to the high-level embankments.
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FI1¢ure 8.~—DBouldery gravel typical of the Ietza formation on mountain
shores fronting upon the main basin and exposed to strong waves.
Larger boulders are 3 to 6 feet in maximum dimensgion. Northeast
edge of Desert Mountnins, NW1/4 see. 20 (unsurveyed), T. 16 N,
R, 20 E., about 4,350 feet altitude {about 30 feet below the Lahon-
tan heach). Bedrock is Hagles House rhyolite. The clifs in back-
ground were partly wave c¢ut during higher stands of the Eetzn
and early Sehoo lakes.

This gravel lacks distinctive tufas although locally it
contains lithoid tufa in place or as waterworn frag-
ments.

Commonly the lower parts of thick sections of the
gravel are coarser than the upper parts; these coarser
parts eommonly make up the bulk of construetional
shore terraces, spits, and bars of Eetza age and also are
assoclated with rock-cut features of the main shore-
lines. In the thick gravel embankments along the
north front of the Desert Mountains, the Eetza forma-
tion commonly has upper and lower gravel zones sep-
arated by a middle zone of sand, silt, and local gravel
(section 60, table 10).

SHORE FEATURES

Gravel of the Fetza formation is associated with a
series of shorelines developed during stillstands of
Lalke Lahontan. The visible shorelines are practically
restricted to the steeper mountain slopes, as elsewhere
they were buried by younger sediment. They are
marked by wave-cut and dispositional shore terraces,
spits, bars, and locally caves. These shorelines differ
in degree of development because of differences in dura-
tion of the stillstands, in windstorm intensities, in
exposure due to topography, and In erosional resistance
of the shore material. Shore features bordering the
main Carson Desert and facing north or west are most
strongly developed.

The Lahontan beach—The highest shoreline of Lake
Lahontan, called the Lahontan beach by Russell (1885,

p- 101), is at an altitude of about 4,380 feet along the
south edge of the Carson Desert; the most accurate
determinations were 4,382 feet at the VABM triangula-
tion station on Eetza Mountain and 4,378 feet at Rus-
sell Spit (fig. 308), about 515 feet above the lowest
part of Carson Sink. Russell (1885, p. 101) deduced
from the geomorphic relations of shore features that
this shoreline formed during the second high-level pe-
riod of the lake (Sehoo time of this report). The
writer, however, believes that in the southern part of
the Carson Desert it is of early Fetza age (p. 65), and
that the highest level reached by the lake in Sehoo time
ig about 10 feet lower (fig. 9).

The Lahontan beach is a comparatively minor shore-
line, although important in marking the boundary be-
tween subaerial and subaqueous sculpture (figs. 10, 11).
It commonly is not visible on shores sheltered from
waves; on exposed shores it is marked by beach terraces
a few feet wide, and by small bay bars of gravel in some
of the reentrants of the mountain slopes.

Lower shorelines—Below the Lahontan beach, about
15 shorelines of Fetza age are marked by both rock-cut
and depositional shore features, strongly to moderately
developed (pl. 9), and 12 minor shorelines are marked
by small gravel embankments without rock-cut fea-
tures. The stronger shorelines probably formed
mainly during early Eetza time, because the coarsest
lake gravel of the Fetza formation, which is in the
lower part, of the section, rests directly on the wave-cut
surfaces and makes up the bulk of the constructional
features.

F1cURE 9.—Relations of the highest shore of Lake Lahontan {Lahontan
beach), whieh is of Eetza age, to the highest shore of the early
Sehoo lake, as revealed by the shore deposits, Darker gravel {(Qeg)
is Eetza formation; lighter gravel (Qsg) is lower member of Sehoo
formation ; Qeg—-Qsg contact/is the highest shoreline of the early
Sehoo Inke: whitish area at right (Qfs) is young playa sediment.
About one-third of a mile southeast of Russell Spit of the nerth-
east edge of Desert Mouutains.
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FiURE 10.—Vertical nerial Photograph of part of the western Lehon-
tan Mountains. Note contrast in minor details of topography ahove
and below highest shoreline (Lahotan beach), of the RBetza age. The
Eetza formation and eoeval shorelines genernlly are exposed mainly on
the steeper mountain shores, younger deposits and shorelines of Sehoo

age elsewhere. The sharp upper nititude limit of tufa of the lower
member of the Sehoo shows as the boundary between black and pale-
Bray shores, a few feet below the Lahontan beach, The following type
localities are shown : Betza formation (E); Wyemaha and Sehoo for-
mationa (WS); Churchill soii, lower member of the Schoo for-
mation and lower tongue of Indian Lakes formation (C} ; and middle
tongue of Indian Lakes formation {Im). USGS photograph,

The 4,375- and 4,350-foot shorelines are the strongest
of the higher group. Russell (1885, p. 101-103) desig-
nated the 4,350-foot shoreline as the lithoid terrace be-
cause it lies at the upper altitude limit of his lithoid
tufa; in places, however, he also applied the name
hithoid terrace to the 4,375-foot shoreline (1885, p. 114
and pl. 19). Where best developed, as along the north

front of the Desert Mountains, both shorelines include
wave-cut terraces 30 to 75 feet and locally 200 feet wide,
on basalt and rhyolile; the terraces have cliff scarps
commonly 20 to 75 feet and rarely 100 feet or more
high. In reentrants where the Lahontan beach is lack-
ing, the 4,375-foot shoreline is the highest discernible
shoreline of Lake Lahontan, and although its strong
development might suggest control of lake level by
overflow, a reconnaissance of all possible places of over-
flow around Lake Lahontan showed no evidence of it,
thus corroborating Russell’s conclusion.

The 4,065-foot terrace is the best marked terrace of
Lake Lahontan, being cut commonly 50 to 100 feet
wide, and 300 feet wide on the most exposed shores, even
on basalt and rhyolite. Terraces at altitudes of 3,980
to 4,010 feet are locally prominent at the edges of the
Lahontan Mountains (especially at Grimes Point) and
at the edges of the northern parts of the Bunejug and
White Throne Mountains. These terraces are at about
the same altitude as the thinolite terrace of Russell
(1885, p- 237) in the Pyramid Lake area, but their
development probably considerably antedated the
deposition of thinolite tufa (p. 65, and table 5).

Eetza shorelines facing north, northwest, and west
across the main basin have generally been severely
eroded and in places obliterated by wave erosion in
early Sehoo time, especially those between altitudes of
3,950 and 4,050 feet (fig. 118). Elsewhere, however,
particularly on shores facing south and southeast (for
example, in the Lahontan Mountains), the shorelines
show little or no erosion (fig. 114). Evidently strong
winds came from the south and southeast in Eetza time
but not in early Sehoo time.

TUTA

The Eetza formation lacks the volume and diversity
of lake tufa that characterize the Sehoo formation. It
loca]ly has small amounts of a dense stony-textured
algal tufa called lithoid tufa by Russell (18835, p. 190-
192). This tufa is described in table 5. It closely re-
sembles much of the lithoid and cellular tufas of the
lower menber of the Sehoo formation, and in places the
two tufas cannot be differentiated. Russell did not
recognize the two ages of lithoid tufa on the higher

shores.
INTRA-EETZA LAKE RECESSION

Exzposures of the Eetza formation generally show
no intertonguning subaerial sediments, soils, or discon-
formities indicative of significant lake recession. The
only exceptions seen are in western Wyemaha Valley
and in the thick embankments of lake gravel along the
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north edge of the Desert Mountains. In western Wye-
maha Valley a probable very wealt soil was noted at the
site of section 45a (pl. 18d and table 10) intercalated
with gravel of the Eeiza formation at an altitude of
about 4,060 feet. Ina gully at the north edge of the Des-
ert Mountains (section 60, table 10), a disconformity
and very weak soil were observed between upper and
lower sand and silt zones of the Eetza at an altitude of
about 4,220 feet. This evidence suggests that lake
recession below 4,060 feet took place between two lake
maximums in Ketza time. Recession at least as low as
4,100 feet also is indicated by a thin gravelly and sandy
zone in the middle of the clay-silt lithofacies of the
Eetza formation in exposures along the Truckee River
below Wadsworth (Russell, 1885, pls. 24 and 25;
Antevs, 1925a, p. 87-97). '

In the gravel embankments along the front of the
Desert Mountains, a lower gravel unit in the Eetza for-
mation, apparently underlying the disconformity, can
be traced continuously up to the Lahontan beach alti-
tude 4,380 feet, whereas an upper gravel and sand unit
of this formation that apparently overlies the discon-
formity can only be traced to about 4,340 feet. These
relations suggest that the second lake maximum of
Fetza age was about 40 feet lower than the first. The
relations are best illustrated along the east side of a
canyon, a quarter of a mile southwest of the site of
section 60 (table 10).

LAKE BAND, SILT, AND CLAY

Exposures of sand, silt, and clay of the Eetza forma-
tion are rare and too small to be mapped. Sand was
found: on the lee side of a high-shore bar 11 miles
northeast of Salt Wells on Salt Wells Mountain ; inter-
bedded with gravel in a spit at the Dodge gravel pit,
on the east side of Turupah Flat; and, most extensively,
interbedded with gravel in the thick embankments along
the Desert Mountains (see table 10, section 60).

Silt and clay were noted as a few thin intérbeds in
the gravel embankments along the Desert Mountains, at
two localities on the eastern edge of the Dead Camel
Mountains, and also intertonguing with sand and gravel
on lee sides of two spits of Eetza age; one on the south-
western piedmont of the Bunejug Mountains at an alti-
tude of 4,030 feet, and one near a gravel pit on the north-
west side of the White Throne Mountains at 8,990 to
4,020 feet; the two latter occurrences locally bear the
Churchill soil and seem to be lagoonal deposits,

Deep offshore facies of the Eetza formation are no-
where exposed. Buried equivalents probably Liave been
penetrated in wells but cannot be identified in the avail-
able logs.

CORRELATION WITH DEPOSITS OF LAKE LAHONTAN
DESCRIBED BY RUSSELL AND ANTEVS

Excellent exposure of clay and silt of the Eetza
formation in the valleys of the Humboldt, Truckee, and
Walker Rivers have besn described by Russell (1885,
p- 124-145), who called these deposits lower lacustral
clays, and by Antevs (19252). DBoth geologists inter-
preted these clays as having been deposited during the
first deep-lake period of Lake Lahontan. Russell also
recognized shore terraces and gravel deposits of this
age on the highland shores, although he did not desig-
nate them by a separate name,

Russell noted that the base of these clays is not ex-
posed in the river valleys, but estimated their maximum
thickness to be at least 150 feet. He described the clays
ag very similar to the “upper lacustral clays” (the Sehoo
formation of this report), being evenly bedded, locally
thinly laminated, light- to medium-dark-gray clay and
stlt, in places marly and saline, and commonly well
jomted in exposures. The lower clays differ from the
upper lacustral clays, however, in having a higher
proportion of silt, in being devoid of volcanic ash
layers, and almost devoid of fossil mollusks. Both
Russell’s and Antevs’ stratigraphic sections show that
the lower clays locally contain interbeds of sand and
even gravel.

PALEONTOLOGY

The only fossils found in the Eetza formation in the
map area are: (a) gastropod shells, locally fairly
abundant in lithold tufa associnted with the lalke
gravel; (b) ostracod shells in sand interbedded with
lake gravel at the Dodge gravel pit, on the eastern side
of Turupah Flat; and (¢) rare, unidentifiable frag-
ments of mammal and bird bones in lake gravel at this
same locality.

A collection of snails from lithoid tufa of this forma-
tion in a wash-bank exposure in Churchill Valley, at
the type locality of the Churchill soil, was determined
by Joseph P. E. Morrison, U.S. Geological Survey, as:
) Parapholyz nevadengis Henderson

Phyza (cf. gyrina Say?)

Stagnicola sp.
Each of these species and genera is still living in North
Ameriea and also is found in younger deposits in the
Carson Desert (table 6).

ALLUVIAL GRAVEL AND COLLUVIUM OF EETZA AGE

Alluvial gravel.—Alluvial gravel considered to be of
Eetza age occurs in a few places along mountain washes
above the Lahontan beacli. It is poorly sorted pebble-
to-boulder gravel, 1 foot to rarely 5 feet thick (hence
generally unmappable}, and is less sandy than alluvium
of the Wyemaha formation but virtually identical with
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that of the Paiute and Indian Lakes formations. Tt can
be designated only from correlations of C., horizons
which are inferred to represent the Cocoon and Church-
ill soils (B horizons generally are eroded), as follows:
‘Where the alluvium of a wash bears two Ce.. horizons,
the lower one very strongly, the upper only strongly
developed, the lower one is inferred to be the Cocoon
soil and the alluvium bearing it, Paiute formation; the
alluvium overlying it and bearing the strong Cea hori-
zon 1s inferred to be of Betza age if it is low in sand
and of Wyemaha age if sandy. Whersa the C,, horizons
are lacking no designation can be made with confidence.
In a few places along the north front of the Desert
Mountains, alluvial gravel of Eetza age intertongues
with lake gravel of the Eetza formation.

Collwvium.—Colluvium of Eetza age is widespread
in the highlands above the Lahontan beach and has not
been recognized below this shoreline, but it is invariably
too thin and discontimuous to be shown on the geologic
map. It consists of solifluction and creep mantle and
overlies similar colluvium of the Paiute formation.
The contact is commonly diconformable and lies at the
top of the C., horizon of the Cocoon soil : The younger
colluvium formed mainly as a result of solifluction and
creep of the earlier colluvium in the uncemented B
horizon of this soil, and the B horizon colors it pale
reddish brown. Some white caliche from the under-
lying C., horizon of this soil is commonly incorporated.
On slopes of less than 5° the colluvium is absent or is
only several inches thick. The thickest deposits, locally
several feet thick, are on the lower parts of slopes
steeper than 15°. The colluvium thickens with altitude,
but this tendency is more evident in the higher ranges,
such as the Stillwater Range, than in the low mountains
of the map area.

WYEMAHA FORMATION
GENERAL FEATURES

The formation was named (Morrison, 1961a) for
‘Wyemaha Valley, and its type locality is in the saddle
between Sehoo and Eetza Mountains at the western end
of the valley (I1/2 sec. 21, T. 18 N, R. 30 E.). Along
the washes at the north and south edges of this saddle
eolian sand of this formation is exposed extensively.
The sand bears the Churchill soil (which commonly is
partly eroded), overlies the FEetza formation and under-
lies the Sehoo formation (pls. 7, 8; table 10, sections
49-45).

The Wyemaha formation consists of eolian sand, allu-
vial gravel and sand, and shallow-lake sand, silt, and
clay. Most of the formation lies conformably or with
only slight disconformity between the Eetza and Sehoo
formations, but the eolian sand extends in the high-
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lands to altitudes much above those reached by the lakes
and here.lies on older units. The subariel sediments
extend to the lowest parts of the forner basin floor,
where they are intercalated with the shallow-lake sedi-
ments. Obviously this formation records a time when
Lake Lahontan was intermittently dry and at very low
levels. It bears the Churchill soil (p. 88), which ocecurs
on beds as high stratigraphically as the youngest beds
of this formation but not on younger deposits.

The formation is widely exposed in the map area. In
contrast to the Paiute and Ketza formations, it crops
out extensively in the lowlands as well as in the high-
lands, although in the lowlands only the uppermost part
is exposed. Above an altitude of 3,990 feet it consists
of eolian sand and small amounts of alluvial gravel and
sand. Below 3,960 feet it is mainly shallow-lake sand,
silt, clay, and muck (lithologically distinctive from the
overlying Sehoo sediments), and minor amounts of
eolian sand and alluvium. Between altitudes of 3,990
and 3,960 feet it is intertonguing subaerial and shallow-
lake sand.

COREELATION WITH DEFOSITS OF LAEKE LAHONTAN
DESCRIBED BY RUSSELL AND ANTEVS

The Wyemsha formation correlates with Russell’s
(1885, p. 125-143) “medial gravel,” which is exposed in
the inner valleys of the Truckee, Walker, and Hum-
boldt Rivers, interbedded between the “upper lacustral
clay” (Sehoo formation of this report) and the “lower
lacustral clay” (Eetza formation of this report). The
medial gravel consists mostly of river and deltaic gravel
and sand, and local wash gravel, ranging from several
feet to 100 feet in thickness. IExposures along the
Truckee River below Wadsworth are at altitudes as low
as about 3,950 feet. Amntevs (1925a) compiled several
stratigraphic sections in the valleys of the Humboldt
and Truckee Rivers that show this unit. Evidence
contrary to his interpretation that the main deposition
of thinolite tufa dates from this major middle Lake
Lahontan recession is presented on pages 51, 59, 65, 108

and table 5.
EOLIAN SAND

Eolian sand of the Wyemaha formation is widely but
unevenly distributed throngh the highlands, varying
with the relation of source areas and mountains to pre-
vailing-wind directions and land masses in the paths of
migration of the sand (p. 99,100). Principal sand drift
was through the basins and lower passes; thus the chief
deposits are in Wyemaha Valley, the pass area between
the Stillwater and Rainbow Mountains, Simpson Pass
and the northern foothills of the Cocoon Mountains,
the southern Dead Camiel Mountains, and the Carson
Desert. The higher mountains are free from the sand,
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except for local deposits lodged in canyons or sheltered
slopes (fig. 124). The sand now in the highlands, how-
ever, seems to be only a small fraction of that deposited;
that it has been largely stripped from large areas is
shown by remnants of the sand and by the sandy char-
acter of the local alluvium. Severe erosion has largely
destroyed the former dune morplhology. This sand
ranges widely in thickness, and probably exceeds 100
feet in places. The base of the thicker deposits com-
monly is not exposed.

Good exposures showing stratigraphic relations can
be seen at: (a) the type locality of the Wyemaha
formation; (b) the main gulch in the central part of
Eetza Mountain (section 40, table 10); (¢) Churchill
Valley, especially the type locality of the Churchill soil
(p- 38-39) ; and the small gulch on the eastern side of
this valley where the overlap of the sand upon gravel of
the Fetza formation is especially well exposed; (d) the
northeastern Cocoon Mountains (fig. 5 and table 10,
section 55); (e) washes at the west edge of the Still-
watelr Range within the map area; and (f) the north-
east edge of the Dead Camel Mountains.

The sand is practically constant in lithology, except
for changes in color and induration and local lenses of
alluvial and colluvial sand and gravel. The sand grains
are typically eolian—fine to medium sized and frosted.
Quartz greatly predominates, and some feldspar and a
small percentage of mafic minerals—hornblende, pyrox-
ene, bronzy biotite, and others—generally are present.
Eolian crossbedding, caused by migrating dunes, is com-
mon in exposed sites (fig. 128), but only parallel,
generally inclined, and indistinct bedding is present in
canyons or other sheltered sites.

Pale-yellowish color and moderate induration—both
probably the result of development of the Churchill
soil—are distinctive of the upper 10 to 20 feet of the
sand where it is not eroded. The yellowish eolor is most
pronounced in the uppermost part of the sand—com-
monly very pale brown, yellow, light yeliowish brown;
or brownish yellow (10¥ 2 7/4 to 6/6); this color de-
creases in intensity downward, but commonly even
exposures well below the soil profile are pale yellow
{about 5¥ 8/4). The induration is caused by calcium
carbonate cementation, and is most pronounced in the
calcareous horizon of the Churchill soil. Slight to
moderate induration commonly extends 10 to 15 feet
below the soil profile, but normally the sand at greater
depth is not indurated. The indurated part commonly
shows crude very coarse prismatic jointing, as well as
local white caleinm carbonate concentrations along bed-
ding and joint planes and cylindrical calciwm carbonate
root casts. In eastern Wyemaha Valley and on the
piedmonts east of the Bunejug Mountains, northeast of

the Cocoon Mountains, and south of Salt Wells Moun-
tain, the sand is locally cemented by siliceous sinter
from extinct springs and seeps (fig. 1258).

ALLUVIAL AND COLLUVIAL GRAVEL AND SAND

Alluvimn of the Wyemaha formation is exposed
locally in the mountain valleys and along drainage lines
on the piedmonts, but few bodies are mappsable. Some
alluvium is interbedded with eolian sand as lenses, 1
foot to rarely 15 feet thick, of sand, pebbly sand, and
very sandy gravel, but most alluvium overlies eolian
sand or occurs without eolian sand, and is sandy gravel
(sandier than the other alluvial gravels in the high-
lands) 2 to 10 feet thick. Most of this alluvium is
evidently younger than the eolian sand. It generally
was completely eroded where exposed to strong wave
action by the early Sehoo lake.

Colluvium is relatively insignificant. It consists
mostly of local thin beds, too small to map, of poorly
sorted gravelly to sandy slope wash intertonguing with
the eolian sand, Which abuts against steep slopes.

INTERBEEDDED SHALLOW-LAKE AND SUBAERIAL SEDIMENTS

The extensive exposures of Wyemaha formation in
the interior lowlands, below altiftudes of 3,990 feet, are
mainly shallow-lake sand and a little lake silt and clay
interbedded locally with eolian sand, alluviumn, and
(only near Upsal Hogback) basaltic tuffaceous sand
and silt. These sediments are exposed in deflation
basins and plains that were eroded through the Sehoo
formation, mostly in the western part, of the map area.
The exposures rarely extend more than a few feet below
the contact between the Wyemaha and the Sehoo, but
the deepest ones, in the deflation basins bordering Upsal
Hogback, extend 30 to 40 feet below it. The subaerial
beds are too small in outcrop to map separately; they
are most comnon in the western half of the area. The
Wyemaha formation generally underlies clay of the
Sehoo formation with a sharp conformable contact that
is readily mappable wherever it is exposed over a verti-
cal range from about 3,870 to 3,990 feet. The Wyemaha
is yellowish or brownish well-sorted sand and the Sehoo
is light-gray clay. The sand of the Wyemaha is an
aquifer, and where it is exposed the water table gen-
erally is within a few feet of the surface, which is
generally coated with white efflorescent salt, and is
either devoid of vegetation or has only saltgrass, or
rarely, pickleweed.

The shallow-lake sediments, everywhere dominant,
are largely sand and only local beds or partings of silt
and clay. The beds pre various light shades of
vellowish-brown and gray medium- to fine-grained
sand, generally unconsolidated, and well sorted. They
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range from a few inches to several feet in thickness, and
from well bedded to indistinetly bedded. Stratification
generally is parallel, though locally it is inclined. In-
tertonguing relations and similar mineralogy of the lake
and eolian sands show that the lake sand was derived
mainly by wave reworking of eolian sand. The upper-
most foot or several feet of lake sand beneath the clay
of the Sehoo formation is nearly everywhere yellower
and deeper hued than the underlying beds--yellow,
brownish yellow, and light yellowish brown (2.5F 7/6
to 10FR 6/5 and 6/4) and light brownish gray to
grayish brown (2.5% 6/2 and 5/2).

Eolian sand is locally interbedded with the lake sand
in beds 1 foot to several feet thick. The best exposures
are at the scarps of deflation basins east and south of
Upsal Hogback, where the eolian sand extends as low
as 8,920 feet. Other localities are the lowlands of the
western half of the Fallon quadrangle; the west bank
of the Carson River 3 miles north of Fallon at an alti-
tude of 3,930 to 3,935 feet (section 13, table 10); and
the northeast and southwest edges of Eightmile Flat,
atan altitude of 8,915 to 3,940 feet.

Alluvium of this 1mit was not seen in outerop. Sev-
eral boreholes in the western part of the area penetrated
beds of pebbly coarse sand and sandy gravel in the
formation (log 20, table 12} within a few feet of the
surface; some of these beds probably are alluvium and
are possibly former channels of the Carson River.

In the deflation basins bordering Upsal Hogbaclk, the
deeper exposed strata are tuffaceous, whereas the upper
8 to 20 feet of the formation are virtually nontuffaceous
(section 6, table 10). The tuffaceous beds are dark gray
to black basaltic sand and silt; they intertongue with
nontuffaceous lighter colored sand, silt, and clay. The
tuffaceous beds are generally well sorted, evenly bedded,
and moderately to well indurated; they appear water
laid and are probably lacustrine. ‘They thicken toward
Upsal Hogback and probably intertongue with the
subaerial tuff and tuff breccia of the hogback (p. 38},
but the zone of gradation is poorly exposed. These
relations suggest that the tuffaceous beds were derived
from eruptions of Wyemalia age at Upsal Hoghback.
In mapping this tuffaceous facies the outer indefinite
boundary was placed where at least half of the beds
contain at least 5 percent basaltic grains. The tuffa-
ceous facies generally extends no more than 114 miles
from the hogback, but along the partly buried horst
that protrudes southward from the hogback it crops
out intermittently in deflation basins for 4 miles. Part-
Ings of basaltic sand have been found locally in expo-
sures and boreholes several miles from the hogback
(section 2, table 10).

Blocks of black vesicular olivine basalt, commonly 1
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foot and rarely 4 to 6 feet across, occur in many places
in the western half of the Stillwater quadrangle in lake
sand of the Wyemaha near the contact between the
Wyemaha and the Sehoo. They are fairly numerous
west of the Carson River and south of Carsen Sink,
and a few large ones have been seen as much as 1% miles
east and northeast of Rattlesnake Hill. Their deriva-
tion is uncertain; perhaps they were ice rafted across

the lake.
SUBSURFACE BASIN SEDIMENTS

A few dozen logs of auger borings, made partly in the
present investigation and partly in early groundwater
studies (¥erman Stabler, written communication,
1904) ; C. H. Lee and W. O. Clark, written communi-
cation, 1916), and driller’s logs of water and oil-
test wells give reliable information on the upper part
of the Wyemaha formation in the subsurface of the
basin interior. The uppermost 5 to 30 feet of the for-
mation is mainly lake sand like that just desecribed ex-
cept that the uppermost bed commonly lacks the bright-
yellowish or yellow-brown color typical of exposures.
This sand is thickest in the western part of the map
area, where it is an important aquifer. It thins toward
the lower parts of the present basin floor, and locally
pinches out or grades into fine sand, silt, and silty clay.
The contact between the Wyemaha and the Sehoo gen-
erally is sharp (within 1 or 2 feet) however, for the
finer facies of the Wyemaha characteristically are more
organic and darker than the clay of the Sehoo.

Beneath the upper sandy zone is a thick section of
alternating thin sandy and clayey units whose base is
not clearly defined by data from the available well logs.
Sand predominates in the Carson River delta area west
of Fallon, and interbeds of gravel and sand, which may
be fluvial or deltaic deposits of the river, occur locally
(see logs 15L and 21L, table 12); beds containing ap-
preciable organic material are lacking or few. The
proportions of silt, clay, and highly organic beds in-
crease toward Carson Lake, Stillwater Slough, Still-
water Lakes, Carson Sink, and Eightmile Flat; locally
beneath these low-lying areas the upper part of the
Wyemaha is organic muck and clay (the transitional
facies is illustrated by logs 14L, 19L, and 27L, and the
low-lying facies by logs 38 and 52, table 12). The more
highly organic sediments are dark gray to black and
have a strong peaty, and in places, hydrogen sulfide
odor. Well drillers call these sediments black gumbo,
black tule clay, black tule sand, black clay, black sand,
and the like. In the Carson Lake and Stillwater Lakes
areas, where they are especially prominent, they yield
small amounts of natural gas (p. 114, 115), but several
tests for petroleum by carbon tetrachloride extraction
were negative.
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Where the upper sandy zone is absent beneath the
low-lying areas, clay of the Sehoo formation commonly
rests directly on highly organic black silt and silty clay
(true muck), as at Fightmile Flat and in places in the
southeastern part of Carson Sink and in the Carson
Lake-Stillwater Lakes area. The top of the muck beds
is at an altitnde of about 3,880 feet along Stillwater
Slough and about 3,900 feet at Eightmile Flat, At
Eightmile Flat the muck is highly saline, probably be-
cause of salts from the numerous highly mineralized
springs and seeps at the edges of this flat; elsewhere it
generally is not saline.

In several wells sediments, which are tentatively
correlated with the Wyemaha formation because of their
high proportions of sandy or organic beds and their
absence of thick clay units, extend at least 100 to 150
feet below the contact between the Sehoo and the Wye-
maha (logs 19L, 271, 38L, and 52L, table 12), but the
base of the formation cannot be identified in any of the
wells; thus the maximum thickness of the Wyemaha in
the subsurface of the basin interior may be considerably

greater.
PALEONTOLOGY

Three collections of fish bones from the uppermost
beds of lake sand were examined by D. . Dunkle of the
U.S. Geological Survey. One collection, from a defla-
tion-scarp exposure 1.4 miles east of the Upsal Hogback
saddle, is possibly either Zhabdofario or Salmo. The
other two collections, one from the east bank of the
Carson River in sec. 19, T. 21 N, R. 30 E., and the other
from beside the Fallon-Lovelock cutoff in sec 6, T. 21
N; R. 29 E., he identified as mixtures of perhaps two
suckers (family Catostomidae), carp (family Cyprini-
dae), and possibly also a bullhead (family Cottidae).
None of the collections are diagnostic of age becatse
these genera and families range from late Tertiary to
Recent.

BASAITIC TUFF OF UPSAL HOGBACK

Upsal Hogback, 10 miles north of Fallon, is a series
of overlapping cones of basaltic tuff that are partly or
entirely of Wyemaha age. Interference by younger
cones and widespread covering by eolian sand has ob-
scured the age relations of the older cones, but at least
4 and possibly 7 vents are evident. The two oldest are
at the northwest and southwest edges of the series;
they are most eroded, very poorly exposed, and may be
older than the Wyemaha formation. Probably the
youngest is at the north end; its crater is roughly cir-
cular and about half a mile in diameter.

The cones are composed of well-indurated basalt
cinder tuff, highly olivine-rich (pieritic), in places con-
taining as much as 80 percent olivine. The tuff is
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mostly sand, grit, and small-pebble-sized angular frag-
ments and is poorly sorted and indistinetly to well
bedded; it apparently was deposited subaerially.
Within a few hundred feet of the edges of the craters it
contains a few blocks one-half to 1 foot across, and
rarely 2 to 4 feet across, but a quarter of a mile or more
from the craters the larger fragments are cobble sized
and rare. The blocks are basaltic to intermediate lava,
unlike the enclosing tuff; probably they came from
underlying Tertiary lavas. The tuff beds generally
dip 2° to 15° radially outward, flattening away from
the craters, but close to the craters they locally have
steeper dips as well as abrupt changes in dip because of
faulting and local unconformity. This tuff seems to
interfinger with and grade into the basaltic tuffacecus
facies of the Wyemaha formmation (p. 37), but the zone
of gradation is poorly exposed. The tuff is overlain by
gravel, sand, and tufa of the lower and dendritic mem-
bers of the Sehoo formation. The lake gravel com-
monly closely résembles the tuff in the outer parts of
the cones because it was derived solely from the tuff,
but generally it is less indurated, better sorted, more
regularly bedded, and in places contains litheid or
coralline tufa of the lower member of the Sehoo.
Large eruptions at Upsal Hogback in Wyemaha time
are suggested by the apparent gradation and inter-
tonguing of the subaerial tuff with the Wyemaha for- ,
mation, and by the abundance of basaltic material in
the tuffaceons facies of the Wyemala near the hogback
and a decrease in this material away from it. The
earlier cones may be older than the Wyemaha—their
age relations to basin sediments are not exposed—but
there is no evidence of the Fetza formation or earlier
units on them. The main eruptions ended before late
Wyemaha time, for the upper part of the Wyemaha
near the hogback is largely devoid of basaltic material.
The two thin beds of basaltic sand in the lower part of
the Sehoo in the northern part of the Stillwater quad-
rangle (p. 59) are tentatively correlated with eruptions
at Soda Lalke because of their large content of non-
basaltic grains, although they might record minor out-
bursts of the dying phase of activity at the hogback.

CHURCHILL SOIL

GENERAT RELATIONS AND DISTRIBUTION

No soils are intercalated with the Wyemaha forma-
tion. A strongly developed soil stratigraphically over-
lies the youngest subaerial beds of this formation,
however, and is older than the Sehoo and Indian Lakes
formations. This soil is called the Churchill soil after
its type locality, Churchill Valley. The Churchill soil
was previously referred to (Morrison, 1961a, p. D112)
as the middle Lake Lahontan soil. It is much more
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is preserved with almost no subsequent subaerial and
lake erosion because of prompt burial and a location
exceptionally sheltered from waves.

PROFILE CHARACTERISTICS

The Churchill soil is a Caleic Brown soil throughout
the relatively narrow altitude range in which it oecurs
in the map area. Relict and buried occurrences show
no appreciable differences in profile characteristics.
The full profile is rarely seen, for it generally has been
more or less eroded. It is well preserved only in the
most protected mountain reentrants and valleys below
the highest shoreline of the early Seloo lake, on gravel
of the Eetza formation in the narrow zone between the
early Sehoo high shore shoreline and the Lahontan
beach, and locally on colluvium and alluvium of Eetza
age and on the Wyemaha formation in the highlands
above the Lahontan beach.

A vesicular horizon has not been positively identified
in any buried occurrences of this soil. Such a horizon
is locally present on relict occurrences, but it is probably
younger than Churchill soil because it locally crosseuts
the top of the oxide horizon and closely resembles the
vesicular horizon of the Toyeh soil. On relict occur-
rences n layer of lag gravel commonly overlies the vesic-
ular horizon. Generally the gravel layer is only 1 peb-
ble thick and similar to that on relict occurrences of the
Cocoon and Toyeh soils; it also is presumed to be
younger than the Churchill soil. The upper surfaces of
the pebbles typically are coated with desert varnish,
which is somewhat better developed than that on lag
gravel on the Toyeh soil.

The oxide (B} horizon is about 12 to 18 mches in full
thickness in the few places where the soil is preserved
with little apparent erosion. Where developed on eolian
sand and sandy colluvium, this horizon is light brown
(T.5Y R 6/3), pale brown (10¥ 12 6/3), light yellowish
brown (10X 6/4), and locally light brownish gray
(10¥ R 6/2) ; consistence is slightly hard to hard, and
structure is weak to moderate grades of coarse pris-
matic, coarse columnar, or coarse to very coarse sub-
angular or angular blocky. On gravel containing mafie
voleanic rocks or on gravelly colluvium of Eetza age
that has been reworked from the B horizon of the Co-
coon soil it commonly is brown (about 7.5¥ % 5/3 to
10¥ % 5/3) to locally reddish brown (5¥R 5/3), red-
dish gray (5¥ % 5/2), and dark reddish gray (5YR
4/2) : consistence is slightly hard and structure is single
grain to a weak grade or coarse granular or coarse sub-
angular blocky.

The upper half or two-thirds of the horizon (the B.
subhorizon}, compared with the lower part, is somewhat
darker and harder, has somewhat stronger structure, is

free of calcium carbonate, and has a pH, determined by
colorimetric field tests, generally between 6.5 (slightly
acidic) and 7.5 (mildly alkaline). Determinations of
pH by glass electrode, however, range from 8.3 to
9.0. A slight concentration of silt and clay commonly
is evident in this part of the horizon: Mechanical analy-
ses of samples (freed of organic matter} from several
localities showed 7 to 16 percent of particles less than
0.02 mm in diameter. The sand grains show little evi-
dence of corrosion.

In the lower third or half of the horizon (the B; or’
Bea subhorizon, transitional into the C.. horizon}, the
color gradually lightens downward, structure becomes
somewhat weaker, and caleium carbonate concentration
gradually increases.

The caleareons (C..) horizon normally ranges from
2 to 4 feet in thickness. Its upper boundary is 2 1/2 to
6 inches wide, that is, gradual to diffuse, and its lower
boundary generally is diffuse and irregular. Concen-
tration of calcium carbonate characterizes this hori-
zon—strong in the upper part and decreasing down-
ward. The concentration generally is irregular: most
of the calctum carbonate is concentrated in whitish
streaks and irregular or mottled disseminations, inter-
spersed with more weakly cemented material, which
generally is light gray (10¥® 7/2), very pale brown
(10¥ R 7/8), and pale brown (10¥ R 6/8). Consistence.
is slightly hard to hard and structure is massive. Be-
cause of the caleium carbonate cementation this horizon
is somewhat resistant to erosion. Both colorimetric
field tests and glass electrode pH determinations range
from about 8.0 to 9.4 (moderately to very alkaline).
Downward, as the caleinumn carbonate concentration de-
creases, the consistence changes to soft, and structure
to single grain.

In eolian sand, this horizon is thicker and the car-
bonate more irregularly dispersed than in other mate-
rials; moreover, the sand generally is weakly indurated
by slight calcium carbonate cementation for about 10
feet below the true caleareous horizon (fig. 13B8).
Cylindrical calcium ecarbonate concentrations, which
were apparently precipitated about former roots, are
common ; they range from one-fourth to three-fourths
of an inch in diameter and have tiny hollow centers.
In gravel of calcic rocks (for example, basalt and ande-
site}, this horizon generally is about 8 feet thick and
has more calcium carbonate than in eolian sand (fig.
14). In lake clay it is only 114 to 2 feet thick, and
the carbonate concentration is unusually strong in the
upper half owing to the low permeability of the clay.

Compared with the Cocoon soil, the Churchill soil
has an oxide (B) hotizon that is less clayey, softer,
wealer structured, lighter colored, and yellower; it has
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FicURE 14.—Churchill soil, developed on alluvial gravel of Wyemnha
formation (Qwa), and buried by gravel of lower member of Sehoo
formation (Qsg,) and sand of lower and dendritic members of Sehoo
{Qss). The gravel of lower member of the Sehoo iz unusually thin
because this lecality was sheltered from strong woves. B, oxide
horizon (somewhat eroded by the early Sehoo lake) ; Cea, caleareous
horizon. DBeside road along east side of Rainbow Mountain, near
4,180-foot bench marlk, in see. 16 (unsurveyed), T, 1§ N., R. 31 I.

a caleareous (Ce.) hortzon that is considerably thinner,
less strongly impregnated with calecium carbonate, softer
and less resistant, and somewlat darker.

SEHOO FORMATION
GENERAL FEATURES

Two major coeval units in the Lahontan Valley group
overlie the Churchill soil and Wyemaha formation (and
older units, locally, where these are missing), and are
discontinuously overlain by the Turupah formation,
Toyeh soil, and Fallon formation. One of these units,
which has been named (Morrison, 1961a) the Sehoo
formation after the Sehoo Mountains, consists entirely
of lake sediments. The other unit, which has been
named (Morrison, 1961a) the Indian Lakes formation
after the Indian Lakes northeast of Fallon, is predomi-
nantly subaerial sediments that locally intertongue
with the Sehoo formation.

The Sehoo formation records the late deep-lake period
of Lake Lahontan. TUnlike the older Quaternary units,
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this formation is fully exposed in many places in both
highlands and lowlands; it is the most widely exposed
of the Pleistocene formations. In the highlands it con-
sists of lacustrine gravel, sand, and local lake silt, clay,
and tufa; the maximum shoreline is at an altitude of
about 4,370 feet. Along the base of the highland shores,
between 4,000 and 3,940 feet, the formation changes
facies, through a narrow silty zone, to clay that under-
lies all the lowlands.

The type locality is the saddle between Sehoo Moun-
tain and Betza Mountain, at the west end of Wyemaha
Valley in the E14 see. 21, T. 18 N, R. 30 E. Here,
typical lithologies of highland shore occurrences of all
members of the Sehoo are represented, overlying both
eolian sand of the Wyemaha formation and gravel of
the Eetza formation (pls. 7, 8; sections 4145, table 10).
The following further illustrate the stratigraphic rela-
tions and lithology of highland occurrences of this
formation: figures 5, 134, 1564—-C, and 25; and sections
39, 34, 40, 50, and 55 (table 10). The following illus-
trate lowland occurrences: figures 9, 12, 16, and 304 ;
and sections 3, 7, 18, and 29 (table 10).

The Sehoo-Wyemaha boundary is generally clearly
marked and conformable or only slightly disconform-
able: on the highland shores it is the base lake gravel
and sand (Sehoo) resting on eolian sand or alluvial
gravel (Wyemaha) ; in the lowlands it is the sharp con-
formable contact between clay and sand (or between
nonorganic clay and organic sand, silt, and clay) de-
scribed on pages 36-37. The Churchill soil is a
conspicuous marker where present, but it is absent (ap-
parently eroded) in the lowlands. At the base of the
highland shores and on the Carson River delta the
boundary is locally gradational and indistinet, as the
clay at the base of the Sehoo formation changes facies
upslope to sand and the shallow-lake sand of the Wye-
maha changes to eolian sand and alluvium. Even in
such places, however, the contact generally can be drawn
within the accuracy tolerances of the maps.

The Sehoo formation corresponds to the “upper lacus-
tral clay” of Russell (1885), and correlative shore
gravel and sand of his “second rise of Lake Lahontan.”
(See p. 106 and fig. 38.) It also corresponds to the
deposits of the “Dendritic Lake” of Antevs (1925a,
1945, 1952).

Gravel and tufa of the Sehoo formation vary con-
siderably among the four members of the formation
in details of lithology and distribution, as outlined in
the following sections and in tables 4 and 5. Sand
is less variable in lithology but differs considerably
among the members in distribution. The clay unit,
which includes silt, is the least variable in both re-
spects; its general characteristics are summarized below.

Al
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TarLe 4—Principal differences in gravel units of the Sehoo formation
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Characteristic

Lower membher

Dendritic member

Transgressive phase

Regressive phase

Transgrassive phase

Regressive phase

Upper member

Approximate
altitude range
(exposed).

Distribution. __ -

Thickness_ - - .-

Lithology .- ___

Tufa (see table
5.

3,950-4,370 £t (420
ft).

Most widely dis-

tributed.

Generally thickest

of the gravels; 1
to locally more
than 20 ft,

Coarsest; mainly

cobble and small
boulder gravel,
and fine pebble

gravel; generally -

little or no sand,
but loeally sandy,
particularly over
eolian sand of the
Wyemaha,

Generally no tufa in

lower part; local

lithoid, coralline,
and (or} cellufar

tufa of this mem-
ber in place in

upper part.

4,010-4,370 ft
(360 ft).

Widely distrib-
uted.

0 to locally more
than 4 ft,

Mainly fine and
medium pebble
gravel, general-
Iy clean, not
siliy.

Local waterworn
fragments of
lithoid, coral~
line, and (or)
cellular tufa.

4,010-4,190 ft (180
ft).

0 to locally more
than 4 ft.

Mainly fine and
medium pebble

gravel, some coh-

ble gravel; gen-
erally well sorted

and well rounded;

locally sandy;
generally indis-
tinguishahle from
regressive lake
gravel of lower
member.
Dendritic and (or)
lithoid tufa of
this member in
place in upper
part; loeal frag-
ments of older

tufas in lower part.

3,930-4,100 ft (260
ft).

Very local; rare he-

tween altitudes of
4,115 and
4,170 ft,

0 to locally more

than 4 ft.

Mainly fine and

very fine pebble
gravel, some
medium pebble
gravel; generally
finer and less well
sorted than trans-
gressive phase of
this member,
commonly sandy.

Local waterworn

fragments of
dendritiec and
older tufas.

3,950-3,990 £t (40
ft).

Rare; restricted to

high shore zone
close to moun-
tains.

0 %o severai feet.

Fine pebble gravel,

commonly sandy,
grades to pebbly
sand.

Tufas of this mem-

ber generally ah-
sent; local frag-
ments of older
tufas.

Clay of the Sehoo is by far the most extensively ex-
posed map unit in the Lahontan Valley group, aggre-
gating more than 100 square miles or about one-sixth
of the lowlands of the map area. It isthe predominant
deposit exposed on the flats and dry-lake beds, and in
Carson Sink it is continuously exposed over an area
more than 22 miles in diameter extending many miles
north and northeast of the map area. The best sections
are exposed at the scarps of deflation basins and in
drainage canals.

In the Carson Lake quadrangle the clay unit of the
Sehoo normally extends no higher topographically than
the base of the highland shores, at an altitude of about
3,965 feet (fig. 15¢'), and has an outer selvage of silt
generally less than a quarter of a mile wide. which is
transitional into the sand and gravel of the highland
shores. In several of the intermountain saddles and at
Hidden Cave, however, tongues one-half to 4 feet thick
of silt, minor amounts of interbedded clay and sand, and
locally limestone extend into the highlands as high as
about 4,100 feet (pl. 8 and sections 39, 41, and 42,
table 10). These tongues are offshore sediment laid
down while the early and middle Sehoo lakes were at
moderate to high levels. Typically they overlie trans-
gressive and regressive gravel and sand of the lower
member of the Sehoo, and are overlain by regressive
gravel and sand of the dendritic member of the Sehoo.

605-383 0—64— 4

In the Fallon quadrangle the clay unit reaches a maxi-
mum altitude of about 4,120 feet in highland embay-
ments and progressively thickens toward the western
part of the Carson River delta, the source area.

In the lowlands the clay unit is predominantly clay
but also includes local thin beds and partings of silt,
sand, limestone, tufa, and volcanic ash. It is relatively
uniform in lithology, both vertically and laterally, ex-
cept on the west delta of the Carson River and locally
near highlands. The clay beds are silty clay to clay,
in places very plastic when wet, and locally bentonitic.
In the eastern half of the area the bedding is mostly
indistinet and has faint Jamination, though the upper-
most and lowermost parts commonly are well bedded.
Westward the bedding and lamination tend to become
more distinct, and near Lahontan Dam (west of the
map area) the lamination is locally varvelike. In fresh
exposures the clay beds are generally very light olive
gray to light yellowish olive gray (5Y 6/1, §¥ 6/2,
5¥ 7/1, or 5¥ 7/2), locally medium to dark tan-gray,
and light greenish gray to nearly white. The prevail-
ing greenish tint is most apparent when the clay is
moist, and helps to distinguish it from lake clays of the
Fallon formation. Well drillers describe this clay in
well logs as gray, yellow, and locally even blue and
green. Relatively dried-out unslumped exposures gen-
erally show prominent prismatic jointing, and the clay



TaBLE b.—Tufas of the Hetza, Sehoo, and Fallon formalions

Tnfa occurs ot 16 prineipnl stratigrophic positions in the Eetzn, Sehoo, and Fallon formations, s outlined helow and on plate 10. In seme positions the tufa is distinctive from that in each other position; in othet
positions it is not distinctive, and in a few positions the tufa ronges widely in forin, ineluding both distinetive and nondistinctive forms (figs. 16-24). ‘The tufas most useful os stratigraphic markers are marked
with nsterisks (*). Enrlier tufns coosmonly formed nuelei for later ones, so that several ages of tufa are commeon even in & single hond specimen
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Tormation and Name Algaloid structural | Approximate o . )
memnber (humber corresponds, clags ! altituderange, Distribution and oecurrence Lithology 2 ‘When deposited How deposited 2
o that on plate 10) in feet
= 2 P . . -
w2 ! o'E | 16. Lithoid tufa._._| Stromatolites 3,010-3,922 | Rore. High-shore zone of third Fallon | Nodulessimilor to below, Contingsare | Higher levels of third | Same as unif £5.
EE a4 Inke, mu}nly Corson Lake area; nodules pate groy, paper-thin to one-sixteenth Falilon lake.
%, 58 ﬁg ond contings on boulders, pebbles, stono in, thick (Ag. 248).
3 =] @ artifacts; absent on deltas,
—
ﬁ + [ 15. Lithoid tufa____| Stromatolites 3,925-3,030 | Very local. High-shore zone of second | Nodules light gray, generally cylindri- { Higherlevelsofsceond | By thin smonth algal mats
| ’g = Fallon lake, majnly Carson Lnke aren; ¢al, one-fourth by one-sixéeenth inch Trallon lnke. probably commonly aroun
] 3 g nedules in upper several inches of lake to rarely more thon 1 by one-third plani stems, in water gen-
g - < g sond ond silt; absent on deitas. inch exteriors commonly uneven, ernlly less than 4 ft deep.
2 = g interiors porous to hollow.
E
Z < = | ', Lithoid tufs_..} Dendrolites,. .--.. 3,930-3,065 | Locnl, High-shore zone of first Fallon | Distinetive; medium gray brown (about | Higher levels of first | By tufts of algae growing in
= E = lake; especiolly common on fat north 19Y R 5/%); irregular rounded minsses, Fallon lake. fairly shaollow fairly [resh
3 5 = of Labontan Mountains; localty present mostly several inches to rarely moro water.
= z & at edges of Bass Flats, Eightmils Flat, than 1 ft in diameter (fiz. 24.4); gen-
[ 3 = Upsal Hogback; absent on deltas. erally massive throughout, locally
o sparse small vesicles in interior; fine
5 to medium-granular ealeite, locally
5] showing poorly preserved algal thalli,
13. Late kHthoid Inorganic. ...o..-- 3,925-3, 065 | Only on west delta of this member, from | Irregular to subrounded nodales and | Later part of high- | Precipitated inorganieally in
tufa. Bagouspe fault zone west to at least as irregutar tabular fragments of massive lovel period of late water generally less than
high as 3,965 ft. Disseminated through Hmestone, one-sixteenth irch in diam- Sehoo lake; lako 10 {{ deep, probably [alrly
uppermost few inches to several fect of eter to rarcly three-eighths by 8 by 8 lovel probahly De- fresh and cool; tufa com-
sand and silt of this member. Most ir.; medium pray to nearly Dbiack; tween altitudes of monly somewhat disturbed
common near Rattiesneke Hiil, where surfoces commoily waterworn and 3,975 and 3,950 It. by wave action penecon-
in places it is several to locally 20 percent solution pitted (fig, 220). Nodules in temporaneously with dep-
of volume of the containing bed. Prob- |  offshoye silt and clay medium te light osition, partienlarly on
ably eorrelative ealeium earbonate nod- gray, irregulatly rounded or eylindri- sand.
ules are dissemingted through upper- cal, not waterworn, and generally less
most few inches of silt and clay of this than half an inch long.
member cxposed locally in drainage
canals several miles south and southeast
of Fallon.
*12, Early (boasal) | Stromatelites.._._. 3,885-3,900 | Loesal, in lowlands. Generally discontin- | Distinetive, but many variants; mostly | Transgression of Inte | By smoeth algal mats grow-
lithoid fufs. uous rarely continuous blankets at base flattish rounded fo irregular masses Sehoo lake, parti- ing on silt, clay, and sand
of upper member, on clay of dendritic or less than 1 in, to abont 1 [t thick; gen- eularly while lake on genily sloping to almost
lower mentbers ot locally on colluvium erally crudely concentric Yayered, dense 1evel was at altitude level shores; lake level
of upper member of Indian Lakes forma- and massive exteriors grading to of 3,935:10 [t. probably fluactuated, leav-
tion and (or) Harmon School soil. Most spengy interiors; tocally golitie, pisol- ing algae intsrmitéently
Y, 5 dominant: (a) west of Sagouspe fanit itic, or having fubalar holes that give subaerially exposed and
o 2 zone, nearly continuous layer seversl worm-eaten appearance; rarely ‘‘coral- under weter, perhaps ot
g Q inches to about 1 £ thick on flat immedi- line” or arhorescent; upper surface times 10 {t or more deep;
- g ately west of main scarp, at an altitude commonly irregular to semibotryocidal, waves feeble.
b2 o of 3,930=£10 t, sen. 24, T. 19 N., R, 20 E. locslly having smayl upward projee-
= -4 . tosec, 33, T.20N,, R.20E. (section 17, tions, lower sirface generally nearly
o B * table 10, and fig. 38); and (b) fint De- flat or slightly concave and fairly
|4 P tween Stillwater Slough and northeast smooth (fig. 234, B, ), mostly white
Lahontan Mountaing at an altitude of to pale gray, locstly thin dark gray te
8,030£10 ft, highly discontinuous layer blaek outer coatings,
several inches thick, overlying ¢lay and
santd of the dendritic member of the
Sechoo. Sparse, commenly wave-re-
worked, on west delta of upper member
of the Sehoo from 3,840 to at least 3,980 ft
{section 8, table 10}, Rare lag fragments
on eroded clay of the Sehoo, eastward
from Sageuspe fauilt zone to seecs. 1, 4,
and 16, T. 20 N,, R, 30 T,, and sec, 18,
T. 19 N., R. 31 E., to as low as 3,885 ft.
Alse very rore white or pale-gray erusts
less than one-sixteenth inch thick, coat-
ing heads or fragments of late dendritic
tufa and late thinelite, at altitnde of
about 3,935 {t at west base of Grimes
Point and southwest edge of Fourmile
Flat, NWI{NW]4{ sce. 3 (unsurveyed),
T 16N, R.31E.
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SEHOO

Dendritic member

4

Li. Late dendritic
tufa.

Dendrolites. o ..--

3, 935-4, 000

Very local, af edges of lowiands. Mostly
tufa heads, several inches to rarely 8 in.
in diameter and height, in regressive
gravet, sand, and silt of this menber,
locally gver crystal clusters of late thin-
olite (in Salt Wells Basin) or on snmell
pebbles, Rare coatings, less than 114
in, thick, in Sait Wells Basin, comionky
on Or benenth late thinolite, both on
lithoid tufa of tbe lower imemiber on
houlders.

Mediom gray Dbrown, darker and
browner than normal dendritic tufo
(unit 7) end commonly somewhat
eoarser internal strueturce (fipg. 2238).

Late part of recession

of middle S8ehoo lake,

while lake level
dropped from about
4,000 to 3,935 it.

Bimilar to unit 7, except
water probably more saline
and possibly warmer.

10. Late thinolite. .

Inorganie. . ___.

3,935-3, 066

Rare. Testricted to edges of lowlands in
Salt Wells Basin., Typical cceurrences;
(0 searp ot west edge of Fourmile Flat,
NW1i4 see. 3 (unsurveyed), T, 16 N,
R. 1 E., altitude about 3,935 g~crystal
clusters ot bases of small heads of late
dendritie tufn; {1} lowest boulder beach
on west side of Grimeg Point, NWi4
NWiqsee 29, T.18 N, R. 30 E., altitude
about, 3,935 fi—ecatings less than §3% in.
thick ever 1ithoid tufa of lower member,
both beneath and on top of late den-
dritic tufa.

Mediwm gray-brown, like late dendritic
tufa; darker and browner than normal
thinoiite (unit 6); clusters of tiny
cubedral erystals, generally less than
one-fourth inch long, similar in form
to normat thinolite (fig, 22B).

Coeval with late den-
dritie tufa (unit 11).

Similar to unit 8; loeat higher
salinity of woter in Salt
Wells  Basin  because of
numerous saline springs
may have favored deposi-
tion in this aren,

9. Lithoid tufo {re~
gressive
phase).

Siromatolites .

3, 995

Very rore; cements upper soveral inches of
gravel of regressive dendritic member
on small bar north of Eetza Mountain,
see, 21, T. 18 N., R. 30 E. (section 41,
table 10),

8. Litboid tufs and
lacustrine
limestoue
{transgressive
and high-level
phase}.

A and B, stroma-
tolites; C, inor-
£anic,

3, 9004, 100

Yery local, scanty; lower highland shores
ond contiguous lowlands.

Type A, lithoid tufa, directly benesth
dendritic tufe ard only slightly older
than it; coatings less than 1 to rarely
greater than 1 in. thick.

Type B, lithoid tufa, directly over dendri-
tic {uls; coatings generally less than one-
fourth, loeally to 1 in. thich.

Type C, lacustrine limestone, not direetly
associnted with dendritic tufs but near
thick deposits of it; one or more partings,
generally in bed of c¢aleimm carbonate-
rich clay, silt, or sand, less than 1 in. to
about 1 It total thickness; altitude 3,050
to 4,100 {t; prominent in west Wyemaha
Valiey, Hidden Cave and other caves
on north and west sides of Eetza and
Sehoo Mountains.

Nearly white dense lithold tufa; fine-
granutar calcite.

Recession of middle
Sehoo lske, during
briel stiilstand at ai-
Pitude of sbout 3,995
t.

By sincoth algal mats, prob-
ably prowing in woter gen-
erplly less than 10 £t deep.

Type A, fsintly to distinetly laminated
nonvesicular Hiboid tufs, pale gray to
nearly white; finely granular calcite;
laminne generally parsllel surface on
which tufa grew, but locally arranged
in polygonal prisms, one-half to 1 in.
in dinmeter, transverse to base of tufn,
laminae curving convex outward in
each prism; locally highly porous lam-
inne geparate moro dense laminae.

Type B, light gray, dense to somewhat
vesieunlar, thinly laminsted, comcen-
tric laminae; outer surface of underly-
ing dendritic tufa (figs. 19C, 20D);
brismatic structure absent; fine-gran-
ular ¢sleite in thin section, commonly
some adinixed silt and fine sang; algal
fllaments similar to Nostocaceao and
Oseillatoriacene.

Type C, light- to medinm-gray to nearly
white limestone, denss £o highly por-
ous, hard to soft, fairly pure to highly
silty and sandy, evenly to indistinetly
beddad and nodular; fine- to wmedinm-
granular caleite; ostracods cominon,
fish bones locally.

Types A and B, same
as unit 7 (helow);
type C during maxi-
mum dendritic tufa
deposition while lake
transgressed from
4,115 to 4,190 It.

Type A, like unit 9 (above);
type B, by smooth aigal
mats that were frequently
subaerially exposed; the
algae bound clastic or
previousty precipitated cal-
cium carbonate-bearing sed-
iment but appsrently did
not themselves precipitate
much carbonate; type C
mainly from seftiing out
of suspended finely divided
caleiumn  carbonate near
areas of strong dendritic
tufa deposition.

*7. Dendritic tufa
{normal type).

See footnotes at end of tahle.

Dendrolites. ...

4,020-4, 190

Named by I. C. Russell (1885, p. 201) to
deseribe the branching hobit that ¢har-
acterizes thiz tufa. Most abundant
tufa;, widespread on some highland
shores, very local to absent on ofhers,
absent in  lowlands, approximately
coeval with transgressive gravel and
sand of dendritic member, Thickest,
most widespread above 4,115 {t, in most
wave-gxpoged locations; here practically
uneroded by later waves; below 4,115
ft commonly severely wave-croded, but
reinnants lecally.  OGeetrs in two forms:

1. Blanket deposits, practically restricted

to wave-expesed mountain headlands
between altifudes of about 4,115 and
4,100 ft; cover gentle, steep, to over-
banging stopes continuously several
inches to loeally 4 or & ff thick, com-
monly over cellular tufs (unit 8);
outer surface very irrepulat Lecause
some ports grew thicker than others;
ne interbedded eclastic sediments,
Tarely overlain by younger lake de-

Light gray to nearly white, commonly
sintly vellowish or yel[ow brown;
yellowish tint deepens on weathering.
In caves exterior surfaces locally partly
dark gray to alimost black.

Tufa hesds {figs. 19, 20) commonly at-
tached to pebbles at bases, from which
they grew upward and outward;
mostly ellipsoidel ecircular in plan,
typically wider than high (shaped
like a QGregk urn); locally almost
round or bhigher than wide, with basal
stems (goblet-shaped); 1 in. to several
feet in either dimension; flatter forms
apparently grew where coeval sedi-
mentation was negligibte, higher ones
where sedimentation was moderate.
Branching internal structure, closely
intergrown profusely branched ar-
borescent masses (more finely branch-
ing than coralline tufa) having many
small open interstices; interiors most
poreus, grading to almost massive at
iop. Some forms, more cotrsely

Transgression of mid-
dle Sehoo Jake, par-
tienlarly during tise
from en altitnde of
4,070 to 4,100 ft;
possibly also minorp
intermiitent depo-
sition during lake
recession.

By algae growing in tufted
rather than smooth mats,
in water probably gener-
ally 10 to 20 It decp; de-
posited as microcrystalline
to finely crystalline caleite,
which has sinee been some-
what more coorsely re-
erystallized. Maximum
deposition on most ox-
posed shores but wave
action weak, especially
during later part of lake
transgressior, when dep-
osition was maximal. Cli-
mate perhaps exception-
ally sunny for a deep-lake
intervai; water relatively
cool and fresh.
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TapLE 5.~—Twufas of the Hetza, Sehoo, and Fellon formations—Continued

TFormation and

member

Name
{number corresponds
to that on plate 10)

Algaloid structural
class 1

Approximate)

sltitnderange,
in fest

Distribution and occurrence

Lithology #

When deposited

How deposited *

FORMATION

posits. Tspeelally protninent on
north and west slopes of Eetza and
8Bchoo Mountains, northwest edge
of Bunejug Mountaing, north side of
White Throne Meuntains, and
Rattlesnake Hill,

2. Individual tufa heads, locolly in wave-
sheltered Jocations (highlond reen-
trents, valleys, and saddles); rest on
transgressive fine- to medinm-pebble
gravel or sand and commonly over-
lain by high-level and regressive ssnd
and (or) gravel of this member. Most
common on gravel but most perfectly
developed and largest on sand.
Prominent at only three levels: 4,070
==10; 4,130:4:20; and 4,180.:20 i, Ex-
amples; ot 4,070-1 level, along Patute
‘Wash, SE4 see, 5 (unsurveyed), T.
16N, R. 31 E., and in west Wyemahs
Valley near line between secs. 21 and
22, T. 18 N., . 30 £.; at 4,130-1t level,
in central Wyemahs Valley (line be-
tween sees, 22 and 23, Churchill
Valley {see. 22), reentrant southwest
of Hidden Cave (SW4 sec. 21}, and
saddle southenst of 4,164-ft sunumnit
above Grimes Point {(NE4 see. 20),
all in T, 18 N., R. 30 E.; at 4,180t
icvel, Churchiil Valloy {sece. 22, T.
8 N’., R. 30 E.) and pass between
Rainbow Mountain and _ Stillwoter
%mﬁeﬁ see. 20 (unsurveyed), T 18N,

branching than normal, resemble
coralline tufa of lower member. Lo-
cally, the lateral and upper surfaces
have small protuberances like heads
of canliflower. Upper surfaces com-
monly coated with pale-gray lithoid
tufa, unit 8B. Fine- to medium-gran-
ular caleite in thin section; associated
with ostracods, diatoms, and a fls-
mentous alga, pessibly Plectorema.

Blanket deposits are essentially coales-
ced colonies of upward- or outward-
growing tatfa heads; also have branch-
ing internal struocture, hut typicaily
less well developed than in keads and
loeelly grading to dense alimost lithoid
tufa. On vertieal or overhanging
slopes tonguelike protuberances are
common, projecting outward and
downward at low angles from horizon-
tal, resembling growth habit of outer
tips of spruce or fir tree Dbranches
{fig. 21 A, B, fig. 224); upper surfaces
of individual tongues generally relo-
tively dense and smooth, whereas
undersurfaces are rough, resemble the
vermicular type of finish sometimes
given building stone.

4

Thinelits amit

*§. Thinolite
{normal type).

Inorgnnic

3, 800-4, 030

Named by Clarence King (1878, p. 508)
from a_Greek word mesning shore; he
used this name for ali tufas of Lake
Lohontan. I. C, Russell (1885, p. 192)
and B, 8. Prana {1884) restricted it to
‘erystalline tufa consisting of siender
eahedral double rhombic pyromids; it
is used here in this sense.

Rare, much rarer and seantier than in
Pyramid Lake area; lowermost highland
shores and basin interior. On high-
land shores (3,030 to 4,030 It) coats bed-
rock or boulder gravel, less than 1 in. to
rarely 1 {t thlck, generally over coatings
of lthold tufn of Iower member of Sehoo
and commonly conformably overlain
by sand, silt, clay, or tufa of dendritie
memher {figs. 18, 27). In lowlands
(3,890 £0 3,970 it} is dissominated through
s discontinuouns clay bed (silt locally
near highlands), which here comprises
the thinelite unjt, 0.1 to about 3 1t l:hink1
as tiny single crystals, rarvely crysta
ciusters.

Fuhedra] erystals, efther single or clus-
tered, light gray to nenrly white, 0.1
to rarely 3 in. long, having length-
width ratio at least §:1 and commonly
greater; the sguare pyramids appear
tetragonal but interfacial angles show
orthgrhembic symmetry, normal
class, dominant forms being double
rhomble pyramids (221 and 441),
mecrodome (301), and brachydome
(051) (Jones, J. C., 1925, p. 24). " Psex-
domorphic after aragonite; in thin
section fine- to medinm-geanular eal-
cite, loeally some aragonite; algal
remains absent, Crystal faces gen-
erally imperfect and rough. Some
larger crystals, especlally those more
than 1 in. long, are cavernous, having
skeleton internal structure of {hin
g]ntes held together in parallel position

¥ a light radial framework; other
crystals completely massive; others
intermediate.

On highland shores, generally coats
lithoid tufa of lower tmember; erystals
oriented halolike, radial to the boulder
or hedrock sarfaces (fig. 18C7); halos
grade from dense inner layer of smsll
erystels, 0.1 to 0.5 in. long, to suter
shell of looseiy arranged larger crystals,
0.5 to lccally 3 in. long; Inner layer
typically 1 to 2 in. thick; outer one &
to 8 in, thick, hest developed where
penecontemporaneous silt has sup-

orted crystals during growth. In
owlands, crystels  disseminated
through clay, commonly one-twenti-
eth to onefourth ineh leng, lacally
more than 1 in, (for example, near
Stillwater Point Reservoir).

Thinolite recession
while lako level
ranged between
altitudes of about
4,040 and 3,000 £t
and possibly
somewhat Iower.

Cryatalline chemical precipi-
tate, nonalgal. Deposited
1s aragonite; subsequently
generally recrystsllized to
caleite, though retaining
outer crystal form of arag-
cnite, Deposited offshore,
in water probably 19 to
more than 100 [t deep;
water at least intermit-
tently safurated with eal-
ciuym and probably had
pH greater than 8.7 and (or)
relatively high in salis—
particulariyNat,CO42,and
and(or) 8042, and(or) mod-
erate warmth. Tavlier tu-
fas penerally {formed nuclei
for deposition on highland
shores; wave action feeble,
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SEHOO

Lower member

*5. Collular and
coralline tufs.

Dendrolites.......

4,100-4, 355

‘Pwo coeval types: cellular fufa (coatings)
and coralline fufa (coralltke heads and
coatings); the two intergrade; both occur
onty in highlandgs.

Cellalar fufa, moest common; widespreag
on many highland shores most exposed
to woaves (that is, fronting north and
northwest on main basin), generally
absent on sheltered shores; less than
holf an Inch to rarely more than 1 ft
thick; thickest and most extensive be-
tween altitudes of 4,150 and 4,355::1t,
locally almost continuousty blankets
exposed headlands; stops abruptly at
4,356:0t  (lithoid ‘terrace of Russell,
1885}; remaining 15=ft to early Sehoo
high shore are totally devoid of tufa.
Commonly over lithoid tufa of this
member, both on late transgressive
gravel of this member, older gravel, or
bedrock; below 4,1902ft commonly
overlain by dendritic tufa,

Coralline tufs simjlar but more locol in
distribution, best developed at sites
close to breaking waves, yet sheltered
(leeward sides of wave-exposed bars end
spits) only on medizm and fine gravel
and sand.

Cellular tufa is semilithoid; somewhat
spongy strueture due to irregular
small vesicles (fig. 185); inferprades
with both ““coralline” and lithoid tafa
of this member; pale yellowish gray to
nearly white; loeal small snail shells,
Outer surface smooth to locally some-
what botryoidal or irregular. Thick
deposits on eliffs commeniy have ver-
tical conrse fluling (fig. 184). Cal
eite (no aragonite) is fine to medium
granelar, largely recrysiallized; some
diatoms and dark-brown threadlike
organic remains snggestive of thalli of
the algae Seytonemataceas and Oscil
latoriacens. Commonly closely re-
sembles blanket deposits of dendritic
tufa, Incledes most of Russell’s
lithoid tufa.

Coralline tefa ranges from individual
heads somewhat resembling thoso of
brain coral or staghorn coral to frrogn-
lar coatings having spongelike top
strfaces; both kinds have slight te
pronounced Branching habif, coarser
then in most dendrific tefa; heads
range in hejght and dismeter from 1
in. to 1 it (fig. 17¢); pale yellowish
gray ang pale gray to white. Fine- to
medinm-grained ealeite; many algal
filnments resembling Seytonemala-
ceae, seme possibly Phormidium,

Middle and late parts
of early Sehoo lake
transgression, ceas-
ing abruptly when
lake roso to sltitude
of about 4,365 ft.

Cellular tufe precipitated by
tufted algal mats immeds-
ately offshore at depths
generally less than %0 ff,
perhaps  subaerially  ex-
posed briefly; waves mod-
erale to strong. Coralling
tufa deposited similarly in
somewhat deeper and
quieter water (probably
generally 10 to 20 1t deop).
Water relntively cold and
{resh.

4, Lithoid tufe of
higher shores.

Strematolites......

4, 0004, 355

Local; scanty fo moderite amounis on
wave-exposed  highland shores, espe-
cially mountainsides fronting nerth and
northwest on main basin; thickest he-
tween altitudes of about 4,150 and 4,355
ft, just over crest and shert gistance
down leeward side of bars and spits
(just back from breaking waves); abrapt
upper limit at aboul 4,353 ft, Cements
upper few inches to several feef of trans-
gressive gravel of this mermber, Eenemlkv
coating roandstones without filling all
voids, Commonly overlain by “eorsls
fine" or cellulay tufa.

Dense, generally nonvesicular (figs, 174,
B); pale yellowish gray, pale rray, to
neatly white; genemlfy fainfly to
prominently laminated parallel with
outer surface. Fine- mediam-
granular caleite (varying in degree of
recrystallization); alpal filaments pres-
ent but not identifiable.

Eaorly Sehoo lake
transgression, pro-
gressively just prior
to deposition of
cellylar and “coral-
line’’ tufoes, and
ceasing abrupfly
when lake rose to
aliitude of about
4,355 (t,

By .smooth afgal mats, grow-
ing especially on_boulders,
cobbles, and pebbles im-
mediately offshore in water
generally less than 15 it
deep.  Waves infermit-
tently moderate to strong;
maximom {ufa deposition
on most exposed shores,
‘Water relatively nonsaline
and cool.

3, Litheid tufa of
lowermost high-
land shores,

Stromatolites.____

3, 9154, 000

T.ocal and seanty. On iowermost boulder
terraces of Letza and early Schoo age,
Examples: one¢-fourth te 1 mile south-
west of Tish Cave, N1/2 sees. 15, 16, F.
18 M., R. 30 E., at altitude of about
3,970 ft; base of Wildeat searp north of
‘White Throne Mountains, secs. 2, 3, 4,
T, 16N, R. 29 |,, at 3,920-3-930 [t; near
northeast edee of Bass Flats, SW114 sec.
33, T.17 N., R. 30 E,, at 3,070 it. Coat-
Ingsless than one-eighth to three-fourths
inch thick, on upper surfaces of boulders
and cobbles; generally overlain by sand,
silt, and clay of lower member of the
Sehoo; preserved only beneath this cover
or where recently exposed because
coatings disintegrate on exposure.

Densge, generally fow or no vesicles;
Hght grayish tan to light browmish
gray; rarely faintly laminated; gener-
afly eoarsely corrugated outer surface
(fig. 16C), Microerystalline to medi-
um-granular_caleite and commonly
some aragonite; poorly preserved nlgal
filaments.

Enrly part of early
Sohoo lake trans-
grossion, (after
deposition of Hthoid
fula of hasin
interior).

By smoeoth algal mats grow-
ing immediately offshore
in water generally less than
20 ft deep, perhaps sub-
aeriglly exposed briefly;
waves woak {0 strong,
water probably fairly fresh
and cool,

2. Lithold tufa of
besin interior.

Stromatolites .-

3,850-3, 910

Local; only along west and southwest
margins of Carson Sink, from 2 miles
northwest of Parran to vicinity of Peli-
can Island and to 2 miles south of Carson
Sinlk along Fallon-Lovelock cutoff.
Layer from less than } in, to 1 f6 thick;
either directly over lake sand of the
Wyemaha or on clay of the Sehoo within
18 in. above Wyemaha-Sehoo contact.
Generally  discontinuous, although
nearly continurous where best develaped
(for example, at about 3,900 to 3,910 it
northwest of Parran},

Generally dense, nonvesicular; locally
cellular or wesicular; light gray, light

rayish brown, io white; locally
having laminatiens which differ
glightly in color and texture. Platy

to tabular masses less than one-half to
geveral inches thick, smooth to irregn-
larly corrugated surfaces; highly
trregular contorted “growths’ several
inches to 1 1t high: rately, white tabu-
lar to irregular forms having vesicular
wonm-eaten structure (figs. 164, B).
Aragonitie, microerystalline to fine
grannlar, parily recerystallized to cal-
cite, poorly preserved filaments
suggesting blue-frreen algae.

Beginning of earty
Eehoo lnke trans-
gression,

By smooth algal mats grow-
ing on silt, clay, and sand
on gently stoping to almost;
level shores; lake level
probably fluctuated, leay-
ing slgas intermittently
subaerislly expesed and
under water, perhaps at
times 10 ft or more deep.
Water probably fairly
warm seasonally, possibly
somewhat saline and alka-
line, favering deposition of
aragonite instead of caleite;
waves feeble,

See footnotes at end of toble.
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TapLe 5-—Tufas of the Ketza, Schoo, and Fallon formations—Continued

Dvistribution and oceurrence

Lithology 2

When deposited

How deposited 2

Tormation and Name Algaloid structural | Approximate
member (number corresponds class 1 altituderange,
to that on piate 10) in feet
1, Lithoid tufa..... Siromatotites and | 3, 9604, 355
QOneolites.
z
g
Se
s
RS
ST
o
=

Rare; only on wave-exposed highland

shores, mainly north and northwest
fronts of Sehoo, Eetza, White Throne,
and Desert Mountains, Probably ero-
sional remnants, formerly more wide-
spread. Coatings less than 1 fo rarely
8 in. thiek: In places cements gravel to
depths of 20 {t (for example, roof of
Higden Cave). Cenernlty only in
uppermost gravel Lut locally in two or
threo zones soparnied by uncemented
gravel.

Massive and structureless to semewhat
celludar (vesicular) (fig. I8B); pale
gray, commonly faintly yellow to
nearly white; snails and cstracodes
locally, Resembles some lithoid and
cellular tufa of lower member of Seheo,
Fine-granular calcite, partiy recrystal-
lized to more coarsely granular caicite;
rare poorly preserved algal filaments
suggesting Rivularincene,

Probably mainly
transpression of
second Eciza lake,
some during trans-
gression of [irst
lnke; probably
discontinuous.

By smooth algal mats on

boulders, ¢obbles, ond peb-
bles immedintely ofl stesp-
Iy sloli)ing shotes, depths
gencrally less than 20 it,
perhops  subaerially  ox-
posed briefly, Water rela-
tively cold and fresh.
Waves intermittently
strong  (strongest during
Loke Lahontan time);
maximum tufa deposition
was on most expesed
shores.

L According to Richord Rezak’s clossifiention (1066;wri tten com-
municeiion) of the following structures:

Phycolites—general name for all algeloid strucbures—eomprise
two main ¢lasses: (o) Spongiostromes—laminated struceures (formed
by algao growing in smooth nats), whielt incluode stremotolltes

{ottached to substratum) and oncolites (unatinched structures, free
to roll around on bottom); both oceur in the lithoid tufas of the
map aren; (b} dendrolites—arborescent or near-arberescent forms
(formed by algae growing in tufted mats), which incinde dendritic,
celluler, and “coralline” tufs,

2 Richard Rezak, U.8. Geologicnl Survey, identified the algol
remains in the algnl tufas ond collaborated with the writer on the
deseriptions of lithology and conditlons of deposition of these tufas.
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generally is compact, hard, and tough, normally break-
ing into irregular blocks bounded by joints and bedding
laminae.

The full uneroded thickness of the clay unit ranges
from about 5 to 20 feet In the eastern half of the low-
lands; it is thickest in the Carson Lake, Stillwater
Slough, and Stillwater Lakes areas—probably because
these low areas acted as sumps for collection of sedi-
ment, In the western lowlands the unit thickens to-
ward the west delta of the Carson River to commonly
30 and locally more than 40 feet in the upstream part;
it is about 60 feet thick where exposed in bluffs and
a dug well in secs. 4 and 5, T. 18 N, R, 27 E. Most
exposures show only a fraction of these thickmesses
because of widespread deflation.

In the upstream part of the west delta, west of Soda
Lake and the OId California Trail, this unit occurs
in two zones within the Sehoo formation, separated
and overlain by sandy zones. The lower zone is the
thicker of the two, more clayey (generally silty clay
and clay), fairly coherent, and forms prominent scarps
in deflation basins. The upper zone of the clay unit
is mainly silt, relatively incoherent, and rarely forms
scarps. These two zones are the high-stage deposits
of the lower and dendritic members of the Sehoo, re-
spectively (section T, table 10).

Most of the lake tufas for which Lake Iahontan is
famous are in the Sehoo formation. Twelve principal
varieties of tufa oceur within the formation at nine
distinet stratigraphic positions. They are deseribed
in table § (figs. 16~24) and their relations to the prin-
cipal lake fluctuations are shown on plate 10. The
cellular and dendritic tufas are by far the most domi-
nant; they are especially thick between altitudes of
about 4,115 and 4,355 feet (dendritic tufa extends only
as high as the maximum of the middle Sehoo lake,
about 4,190 feet).

Russell’s (1885) “lithoid” tufa is mostly in the lower
member of the Sehoo (“lithoid tufa of the higher
shores” and “cellular tufa”); minor amounts are in
the Fetza formation. The distinction between lithoid
and dendritic tufas is less definite than Russell implied,
as all gradations exist between the two types. J. C.
Jones (1925, p. 20) found this also to be the case at
Pyramid Lake. Russell thought that all the lithoid
tufa was deposited during the first deep-lake period
of Lake Lahontan, and conversely, he (1885, p. 114)
considerad the presence of lithoid tufa on high-shore
gravel embankments as proof that they were formed
during the first deep-lake period. This accounts in
part for his error in interpreting the relative heights
of the maximums of the lake during the early and late
deep-lake periods (Eetza and Sehoo times of this re-

49

Freune 16.—A, Basin-interior lithoid tufa of lower member of Sehoo
formation. MNenr south edge of Carson Sink, szec. 11, T. 21 N, R.
29 ®. Pick is 18 inches Iong. B, Hand specimen of tufa from
locality in A, showing typleal shape and surfece texture. Full
scale. ¢, Lithoid tufa of the lowermost highland shores, of lower
member of the Sehoo, coating boulders of Eetzn formetion, West
edge of Sehoo Meountain, SEIf sec. 16, T. 18 N, R. 30 B. Pick is
18 incbes long.
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F1GORE 17.~—4, Lithoid tufa of the higher highland shores, of lower member of Sehoo formation, cementing transgressive gravel of lower
member. Northern Eetza Mountain, SW14 see. 21, T. 18 N., R. 30 E.; altitude 4,240 feet. B, Hand specimen of tufa shown in 4.
Concnve surfaces are impressions of pebbles that were cemented by the tufa. Full scale. ¢, Hand specimen of typical “hend” of
“eoralline” tufa of lower member of the Sehoo, Full scale. s
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FIGURE 18-—A, “Tufa. draperies” of cellular tufa of lower member of
Sehoo formation typical of those formed on steep-sided prominences
most exposed to waves, between 4,150 and 4,355 feet altitude.
North edge of Desert Mountains, NW1i4 see, 14, T. 16 M., R, 28 E.
B, Hand specimen of cellular tufa on Hthoid tufa of Hetza forma-
tion. Full seale. ¢, Crystnl clusters of normal thinolite over
bouider conted with lithold fufan of the lowermost highland shares
of lower member of the Sehoo. West edge of Sehoo Mountain, about
3,960 feet nltitude, SB14 sec. 16, T. 18 N, R. 30 E. Graduatious oh
pick handle are 1 inch apart.

port). The evidence to support this conclusion is sum-
marized on page 64, 65.

MEMBERS

The Sehoo formation intertongues with the subaerial
Indian Lakes formation described below. The three
main divisions of the Sehoo are each defined as 2 mem-
ber of the formation (pl. 12} : the lower, dendritic, and
upper members; these are believed to record the third,
fourth, and fifth major deep-lake cycles, respectively, of
Lake Lahontan. The three members reach altitudes of
about 4,370, 4,190, and 3,990 feet, the maximums of the
early Sehoo, middle Sehoo, and late Sehoo lakes, respec-
tively. A thin, fourth unit characterized by thinolite
tufa lies between offshore sediments of the lower and
dendritic members. The members are not differentiated
on the quadrangle geologic maps, although they are in
the special large-scale maps (pl. 7; figs. 25, 29, 34) and
in many of the sections in table 10.

The lower and dendritic members are further sepa-
rated, at altitudes above 3,990 feet, by the subaerial sedi-
ments of the middle tongue of the Indian Lakes forma-
tion and the unconformity that records subaerial ero-
sion which locally represents this tongue marking a lake
recession at least this low between the early and middle
Selioo lakes. The dendritic and upper members are
similarly separated above 3,900 feet by the uppertongue
of the Indian Lakes formation and by the unconformity
and soil that locally represent this tongue, indicating
recession at least this low between the middle and late
Sehoo lakes.

LOWER MEMBER

The lower member of the Sehoo formation consists
of lacustrine gravel, sand, silt, clay, tufa, and volcanic
ash. It extends to an altitude of about 4,370 feet—the
highest shorelins of the early Sehoo lale-—about 10 feet
below the Laliontan beach; this is considerably higher
than the other members. It comprises about two-thirds
of the uneroded volume of the whole formation. On
highland shores this member is mainly sand and gravel,
and a little tufa, silt, and clay, 1 to 50 feet thick; in the
lowlands it is mainly clay and some silt, sand, tufa, and
voleanic ash, and 1 to 30 feet thick, being thickest on
the Carson River delta. The type locality is the site
of section 34 (table 10}, in Churchill Valley at an alti-
tude of about 4,200 feet.

Gravel of the lower member is dominant along the
main shorelines of the early Sehoo lake (pl. 9) and
typically is thicker, coarser, and more widespread than
the other gravels of the Sehoo (table 4). It ranges in
thickness from 1 foot in sheltered reentrants to more
than 30 feet in some gpit embankments. On mountain-
ous shores that were most exposed to waves, it is mainly
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FicURE 19 —A, Layer of “hends’ of dendritic tufn of dendritic member of Sehoo formation developed on sand of lower member of the Sehoo,
Bank of wash on piedmont northeasf of Cocoon Mountains, El4 sec. 3, (unsurveyed), T. 16 N,, R. 31 E. B, Closeup side view of a
“head” of dendritic tufa from exposure illustrated in A4, showing characteristic conical shape of basal part, texture of oufer surface,
and pebble to which base of “head” is attached, Graduations on pick handie are 1 inch apart. * ¢, Hond specimen of small “heads”
of dendritic tufa growing upward from slab of lacustrine limestone. Largest “hend” is about 2 inches in diameter, Note spalls of
concentric thinly laminated lithoid tufa on outer surfaces of tops of heads.
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4, B, (¢, tufa “heads,” showing internal structure

ber of Sehoo formation,

C, nu exterior side view.

ic mem

rit

F1eGRE 20-—Dendritic tufa dend

D, shows transverse section through a mass that grew as a continuous coating

y and

lon

B, a transverse secti

1

tion

; litheid tufa (nlso of the dendritic member) coats the upper surfnce,

verticaily upward from g gravel bar (not as a tufa “‘hend”)
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FIGURE 22.—A, Hand specimen of dendritic tufa from loeality shown in figure 21, showing details of exterior
texture of dewnward-facing part of the tufa “branches.” B, Late dendritic tufa “heads,” resting on late
thinolite and overlain by a layer of lithoid tufn; all belong to the late regressive phase of dendritic member

of Sehoo formation.
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Ticunpe 24.—4, Lithoid tufa of first lake unit of ¥Fallon formation,

Hand gpecimen, A distinetive marker. B, Lithoid tufa of third lake
unit of Fallon formation. The coatings ate so thin that they do
not conceal the vesicles on the surfaces of the basalt boulders, Note
also the clam shells, Anodonta caiforniensis, characteristic of the
high-shore of the third Fallon Jake. W14 see. 29, T. 17T N., R, 30 E.,
nbout 3,915 feet altitude.

boulder and cobble gravel; in sheltered valleys and
intermountain saddles, it is cobble and pebble gravel
(fiz. 154). The gravel is mostly reworked older gravel;
only a small amount came from wave erosion of bedrock
as shown by the paucity of rock-cut searps and benches
of early Selhoo age (p. 63—64). .

In places transgressive and regressive phases of
gravel of the lower member of the Sehoo can be dis-
tinguished, especially where they are parted by sand,
silt, clay, or tufa. The transgressive gravel is generally
coarser and thicker than the regressive gravel (table 4).

Sand is more widespread than gravel in the lower
member, primarily because of the abundant eolian sand
of the Wyemaha formation from which it is mainly de-
rived. Sand is especially dominant in intermountain
saddles and passes such as Wyemaha Valley, the saddle
between Rainbow Mountain and the Stillwater Range,
and Simpson Pass. Here it normally is 1 to 10 fest
thick, and rarely as much as 35 feet thick in valleys.
It intertongues with silt and clay far out into the basin
on the Carson River delta west of Fallon, but elsewhere
this intertonguing is close to the foot of the hillshores
and is not present in most of the basin interior except as
local partings (p. 59).

Transgressive and regressive phases can be distin-
guished locally, especially where gravel, clay, or tufa
separates the two sands. Only transgressive sand oc-
curs below an altitude of 8,990 feet, which is the ap-
proximate lower limit of the thinolite lake recession.

This unit is mostly fine to medium sand, loose and
uncemented, well sorted, well to indistinctly bedded,
and pale yellowish gray to very pale yellow. Locally
it contains a little gravel, as below gravel bars over-
lying eolian sand of the Wyemaha formation. Some
thicker deposits in valleys contain interbeds of light-
tan and brownish-tan to brown-gray silt and silty clay.
A pale-greenish-gray to white ash bed, half an inch to
20 inches thick, occurs in the lower part of the sand
below an altitude of about 4,100 feet in valleys in the
northeast Bunejug Mountains; it may correlate with
the main ash bed near the base of the clay of this forma-
tion (p. 59). Ostracodes are cominon, and form a
coquina in some layers.

‘Where this sand overlies eolian sand of the Wyemaha
formation it commonly is difficult to draw a sharp
boundary becanse exposures rarely are good enough to
show the lower limit of the zone of lake reworking.

Clay of the Sehoo formation is largely in the lower
two members and the thinclite unit, for the upper
member is generally sand. The lower members are rep-
resented by zones of slightly differing lithology but
the differences between members generally are not suffi-
ciently pronounced to permit exact differentiation of the
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members where the thinolite unit (which is most dis-
tinctive) is absent (for example see sections 23, 24, 29,
and 35, table 10). In general, the lower member rep-
resents about two-thirds of the original (uneroded)
thickness of the clay, the dendritic member about one-
third, and the thinolite unit less than one-tenth, but wide
variations from these ratios ocenr locally.

Clay of the lower member ranges from about 3 to 15
feet thick in the eastern part of the lowlands and is more
uniform in lithology than clay of the thinolite unit and
the dentritic member. It is generally somewhat silty,
but has local partings and interbeds of silt, voleanic
ash, sand, and tufa in the lower part. It is practically
nonsaline and is noncalcareous except for local dissemi-
nated calcium carbonate nodules and oolites in the upper
several feet, just below the thinolite uhit, and for local
| laminae of ostracode-bearing clay and ostracode coquina
| in the lower few feet. A layer of tufa (“basin-interior
lithoid tufa,” table 8), 1 inch to 1 foot thick, occurs
locally about 1 to 2 feet above the base of the clay near
the west and southwest edge of Carson Sink.

In the northern part of the Stillwater ¢uadrangle
the lower 4 to 9 feet of the clay has a few partings
and thin beds of sand and volcanic ash, illustrated hy
section 4 (table 10). Beds 8, 7, 9, 11, and 13 in this
section generally persist for several miles southward
from the south edge of Carson Sink (fig. 26). The two
main sand beds, 5 and 9, have considerable olivine and
andesitic or basaltic fragments in addition to quartz
(bed 9 also has abundant ostracodes). The clastic
rocks probably are pyroclastic air-fall deposits from
small eruptions at the Upsal Hogback or Soda Lake
vents. Voleanic ash beds 11 and 18 are one-eighth inch
or less in thickness and seem to be local near the south
edge of Carson Sink. Bed 7, however, is 14 to 8 inches
thick and much more widespread. It is exposed locally
at the southeast edge of the clay flat south of Stillwater
Point Reservoir and at the north edge of Eightmile
Flat, near the east boundary of the Carson Lake quad-
rangle; it has been penetrated in boreholes in south-
central and southeastern Carson Sink, and near the
Stillwater Lakes, Indian Lakes, Stillwater Point Res-
ervoir, Stillwater Slough, and Carson Lake. Itis pure-
- white well-sorted pumiceous ash of very fine sand to
fine-medium sand grade size, uncemented to locally
hard cemented. It is the most distinctive stratigraphic
marker in the clay of the Sehoo; moreover, because it
came from a single eruption, it represents a single time
. Interval wherever it is found. About 6 to 7 feet of
cl.a,y of the Sehoo underlies the ash near the soutl mar-
. & of Carson Sink, but only 0'to 2 feet near the south
- edge of the main basin. Mono Craters, Calif., is the
695-382 0—6a-— 5

most likely source for this and the other pumiceous
ash beds (Russell, 1885, p. 141).

THINOLITE GNIT

The thin local thinolite unit of the Sehoo formation is
characterized by the crystalline tufa known as thinolite
and differentiated only where this tufa is present. It
also contains lake clay and silt locally, but almost no
sand and no gravel. Thinolite is described in table 5;
it occurs in the lowlands and lowermost highland
shores, between altitudes of about 8,890 and 4,030 feet,
either as coatings a fraction of an inch to rarely 1 foot
thick on gravel or bedrock, or disseminated through
several inches to several feet of clay or silt. Nearly all
the thinolite is in this unit, but a little oceurs rarely in
the dendritic member (table 5, pl. 10).

The type locality for the thinolite unit, showing stra-
tigraphic relations and typical lithology, is at Wild-
cat scarp in the SE1j sec. 4, T 16 N., R. 29 E. (fig.
27). Sections 24, 29, and 35 (table 10) illustrate its
relations in the lowlands,

Clay of the thinolite unit is a layer of thinolite-
bearing clay, from an inch to about 4 feet thick. The
thinolite crystals are slender double orthorhombic
pyramids of calcite (pseudomorphic after aragonite),
occurring either singly or in small clusters. They gen-
erally are sparsely disseminated through the clay, but
locally are fairly abundant. Generally they are less
than 14 inch long by 1/32 inch thick; locally they
are bigger, rarely as much as 214 by 14 inch. Com-
monly small calcium carbonate nodules and oolites are
agsociated with the thinolite, but the thinolite is more
restricted vertically. The clay in this layer resembles
that of the lower part of the dendritic member, rather
than that of the lower member.

Clay of the thinolite unit has been identified only
locally in the area underlain by clay of the Sehoo, be-
tween altitudes of about 8,890 to possibly 4,000 feet,
from near the north edge of the Lahontan Mountains
northeastward to Stillwater Slough and the flats east of
the Stillwater Lakes; it extends several miles beyond
the east edge of the Stillwater quadrangle. The clay
is rarely exposed but its subsurface extent has been
traced by auger holes. It is exposed locally at the west
margin of the clay flat south of Stillwater Point Res-
ervoir, on the shores of this reservoir, and in the U.S.
Fish and Wildlife Service canals north of this reser-
voir; usually large thinolite erystals occur at the latter
two places.

Loose crystals and crystal clusters of thinolite, rest-
ing on eroded clay of the lower member of the Sehoo,
oceur locally in an area extending about 7 miles south-
ward from Carson Sink and at least 2 miles westward
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Proure 26, —Comparative columnar sections of clay of lower member of Sehoo formation, 3% miles apart, near south margin of Carsor
Sink, showing lateral persistence of basaltic sand and pumlceous aosh beds and partings. Figure over columns refers to numbers usec
in table 10,
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FicURE 27.—Diagrammatic cross section showing occurrence of thinolite at Wildcat scarp, north of the White Throne Moontains,
NW,SE}4 sec. 4, T. 16 N,, R, 20 E. Lithoid tufa of lower member of Sehoo formation thinly coats boulder gravel of Fetza formation

(Qeg), Clusters of thinolite erystals coat the litheid tufa between 3,960 and 3,975 feet altitude.

Thinolite is absen{ In offshore sand

and clay of lower and dendritic members of the Sehoo {Qss, Qsc, and Qss,) at this loeality., Resting on the upper sand are a few tufa
“hends” of dendritie member, deposited during recession of the middle Sehoo lake,

and 414 miles eastward from Timber Lake. Here the
upperpart of the clay of the Sehoo has been deflated
and the thinolite is a lag residue from the thinolite
unit.

DENDRITIC MEMEEE

The dendritic member of the Sehoo formation con-
sists of lacustrine sediments that record the middle
Sehoo lake cycle and extend to the high shore of this
lake at an altitude of about 4,190 feet. It is commonly
1 to 8 feet, rarely as much as 25 feet, thick, and com-
prises nearly a quarter of the uneroded volume of the
Sehoo. In the lowlands it is mainly clay, with silt,
sand, and a little lacustrine limestone locally; in the
highlands it is sand, gravel, and minor amounts of tufa,
silt, and elay, and it is characterized by lateral changes
from gravel to sand or even silt within a few feet. Den-
dritic tufa is the most distinctive and widespread of
several varieties present (table 5), and hence the name
of the member. The lighest shoreline of the middle
Sehoo lake, the dendritic terrace of Russell (1885, p.
101-102), is inarked neither by distinctive deposits nor
b‘y prominent shore features and is only locally dis-
tnguishable. The type locality of this member is the
site of section 32 (table 10), east of Rainbow Mountain,
where the member consists of 314 feet of gravel that
makes up a bar which marks the dendritic terrace.

Gravel of the dendritic member is much scantier and
genex:ally finer than that of the lower member, and the
associated shorelines are less prominent (pl. 9). The

gravel resembles the regressive gravel of the lower
member in lithology and thickness; cobble to fine peb-
ble gravel, generally 1 to several feet, rarely 5 feet or
more, thick. It is more prominent in mountain re-
entrants and intermountain saddles such as those east
and west of Rainbow Mountain, wlere it occurs in wide-
ly separated terraces, bars, and spits. Transgressive
and regressive phases can be distinguished locally by
differences in lithology (table 4) and by separating
deposits of dendritic tufa in place or, below about 4,100
feet, by separating clay, silt, and Iacustrine limestone.

Sand of the dendritic member is distributed similarly
to that of the lower member, but on highland shores it
is somewhat more tidespread, being present in many
areas where the lower member is largely gravel. Few
of the main shorelines of the middie Sehoo lake are at
the same levels as those of the early Sehoo lake, so bars
and spits of gravel of the lower member commonly are
covered by sand of the dendritic member. This sand is
widespread on the delta of the Carson River west of
Fallon, where it locally attains 20 feet in thickness;
away from this delta it rarely is more than 5 feet thick.
Generally this sand resembles that of the lower member
except that it lacks the yellowish cast; locally in thick
deposits in valleys, however, it is pale yellow tan to pale
orange brown and somewhat darker than the sand of
the lower member,

Clay of the dendritic member typically is less silty,
more limy, and more saline than that of the lower mem-
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ber. The clay is in places bentonitic, and also charac-
teristically somewhat brighter greenish gray; locally
some beds are green and bluish green. Lamination and
bedding generally are more distinet than in the lower
member, and in places the beds or laminae show appre-
ciable color contrast. Commonly small disseminated
calcium carbonate nodules and oolites continue from
the thinolite unit 2 few feet upward into the dendritic
member. Ostracods are common throughout, particu-
larly in the upper part. Close to highland shores bear-
ing thick dendritic tufa, the clay and silt are especially
rich in caleium carbonate and commonly contain platy
nodular bodies of limestone generally less than 14 inch
thiclk and 1 to 12 inches in diameter. This member has
been completely eroded by deflation from large areas
in the basin interior.

TPPER MEMBER

The upper member of the Sehoo formation is the
deposits of the late Sehoo lake cycle. It extends up to
the highest shoreline of the late Sehoo lake at an altitude
of about 3,990 feet, but this shoreline is weakly marked
and only locally distinguishable. This member gener-
ally is 1 to 5 feet and rarely as much as 16 feet thick.
The type locality is an exposure of sand in the scarp of a
deflation basin next to the former Fallon-Lovelock cut-
off, 3.9 miles north of the south edge of the Soda Lake
quadrangle, the site of section 8 (table 10).

Gravel of the upper member is restricted to small
patches close to the mountains along the highest shore-
- lines of the late Sehoo lake. The gravel is thinner, finer
textured (fine-pebble gravel to pebbly sand), and poorer
sorted than older gravels of the Sehoo (table 4}, but it
is more abundant and generally coarser than the lake
gravels of the Fallon formation.

Sand is much more widespread than either gravel or
clay in the upper member. Although thin compared
with older shore sediments, it is considerably thicker
and more extensive than any of the lake sands of the
Fallon. It is widely exposed on two former deltas of
the Carson River within the main basin and also in
selvages at the edges of the lowlands. This sand is
commonly severely eroded by deflation, particularly on
the deltas. Deflation basins 10 to 40 feet or more deep
have been scooped out in areas between the distributary
channels, whereas the latter have tended to remain rela-
tively uneroded, probably because the coarser sediment
resisted deflation. Below 3,950 feet, the high shoreline
of the first Fallon lake (table T), this sand commonly
is thinly veneered with lake sand of the Fallon.

One of the deltas on which thissand is widespread lies
mostly in the southeastern part of the Soda Lake quad-
rangle, though small erosional remnants extend into the
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adjacent quadrangles; it is about 10 miles wide north to,
south., This delta, called the west delta, is graded to
the highest shoreline of the late Sehoo lake. Its surface
lies a few feet above the modern flood plain and heads
at the mouth of the inner valley of the river at an alti-
tude of about 4,020 feet, in sec. 30, T. 19 N, R. 28 E.
The sand on this delta is commonly 5 to 10 feet and
locally as much as 16 feet thick; it generally thickens
and grades coarser westward; the uppermost deposits
and those adjacent to distributary channels of the In-
dian Lakes formation are generally the coarsest. West
of Rattlesnake Hill the sand is mostly very arkosie,
pebbly, granule to medium,and includes some fine sand
and silt and local stringers of fine gravel. Most beds
are moderately indistinet to clear, and generally par-
allel, though locally inclined. The sand grains are gen-
erally subangular ; the pebbles, subrounded. Fragments
of gray to nearly black lithoid tufa (late lithoid tufa
of this member, table 5) mostly less than half an inch
across, commonly are abundant in the upper several
feet of the sand. Near the base are local partings of
basaltic sand, which may have come from eruptions at
Soda Lakes (p. 72). Fastward from: Rattlesnake Hill
the sand grades rapidly finer and is interbedded with
increasing amounts of silt. On the bare flat just south-
west of the Sagouspe fault zone it typically consists of
several feet of thinly interlaminated fine sand and silt.

The other delta of the upper member, called the
Indian Lakes delta, is in the western part of the Indian
Lakes area, east of the present course of the Carson
River. This delta is smaller than the western one—
about 514 miles long by 414 miles wide—has an even
lower gradient, somewhat finer sediment, and is some-
what younger. It hag two conspicuous distributary
channels of alluvial sand of the Indian Lakes formation.
They trend toward the gap through the scarp of the
Sagouspe fault zone and probably headed at the bottom
of the trench that was cut by the Carson River through
the scarp, at an altitude of about 3,927 feet. These
distributary channels eannot actually be proved to head
here, as the Fallon formation covers the parts of the
channels immediately below the gap, but there is no
suggestion that either the channels or the delta sand
continue west of the scarp; hence this delta probably
postdates the scarp and formed while the late Sehoo lake
receded from an altitude of 3,927 to 3,917 feet. Fur-
thermore, the stratigraphic relations of early lithoid
tufa and sand of the upper member to fanlts in the west-
ern part of the fault zone (p. 93) show that the faulting
followed deposition of the early lithoid tufa and pre-
ceded deposition of lake sand on the delta. Two small
grabens in this fault zone in the NW1 sec. 3, T. 19 N.,
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R. 29 E., contain as much as 10 feet of sand of this mem-
ber (fig. 36).

Outside the river deltas, sand of the upper member
is fairly widespread near the base of the hillshores, be-
tween altitudes of 4,000 and 3,915 feet. It is the only
shore deposit of this member in most places, but def-
inite bars or other shore features are rare; generally
the sand is merely a gently sloping sheet several inches
to a fow feet thick and a few tens of feet to locally more
than 1 mile wide. The main deposits are on the flat be-
tween Stillwater Slough and the Lahontan Mountains
and along the border of the western Bunejug Mountains
and Turupah and Eightmile Flats.

In the upper member of the Sehoo the change from
sand to silt to clay takes place between altitndes of 3,940
and 3,925 feet except on the Indian Lakes delta, where
sand extends down to about 8,910 feet. On the deltas
the silty transitional zone commonly is 1 mile wide or
more, 2 to 5 feet thick, and characterized by interfinger-
ing sand, silt, and clay; elsewhere it is generally less
than half & mile wide and rarely more than 1 foot thick.
Below 3,920 feet this member is mostly a thin layer of
clay, only locally 1 foot or more thick (over ln.rge areas
it has been completely deflated) ; the clay is thickest,
locally as much as 4 feet, in the Stillwater Slough~Car-
son Lake and Indian Lakes areas. This clay unit com-
monly is disconformable upon clay of the dendritic
member above an altitude of 3,920 feet, and locally as
low as about 8,900 feet (p. 62). The two clays are
separated locally by colluvinm of the upper member
of the Indian Lakes formation, the Harmon School soil,
and early lithoid tufa of the upper member of the Sehoo.

Silt of the npper member generally is light to medinm
brown or brown-gray. Clay is medium- to dark-drab
brown-gray, greenish gray, or olive-drab gray, some-
what darker than clay of the dendritic and lower mem-
bers, to locally nearly black, especially at the base; small
caleium carbonate nodules occur locally. Sections 22a,
23, 28, and 35 illustrate this unit (table 10).

Two principal horizons of tufa are present in the up-
per member—one at the base of the member, and the
other in its upper part. Each is distinctive (table 6)
and hence a good stratigraphic marker.

SHORE FEATURES OF SEHOJO AGE

The age relations of shore features of Sehoo age are
best demonstrated by the stratigraphy of the Sehoo
formation associated with them. Plate 9 shows the al-
titudes of the main shorelines formed by the three Sehoo
lakes. The most prominent shorelines date from the
transgression of the early Sehoo lake, less prominent
ones from the regression of this lake and the transgres-
.smn of the middle Sehoo lake, rather weak ones from

the regression of the middle Sehoo lake, and very weak
ones from the late Sehoo lake.

SHORELINES OF THE EARLY SEHOO LAKE

Transgressinve shorelines—The most prominent shore-
lines of Sehoo age are overlain by transgressive-phase
gravel of the lower member of the Sehoo, and hence date
from the transgression of the early Sehoo lake. They
are only slightly less strongly developed than those of
Eetza age. They attain their fullest development on
highland shores that front upon the main Carson Desert
and that face north, northeast, northwest, west, or south-
west. Here the main shorelines are markedly discon-
formable upon shore features of Eetza age and upon
alluvial fans and dunes of the Wyemaha formation;
they are marked not only by large constructional ter-
races, bars, and spits, but also by local, moderate ter-
races, cliffs, and caves cut in bedrock. On the other
hand, shorelines of early Sehoo age are at best poorly
developed on shores exposed only to the southeast and
east, in contrast to shorelines of Eetza age.

Highest shoreline.—A. strongly developed shoreline
at an altitude of about 4,370 feet marks the highest level
reached by the early Selioo lake. This shoreline is only
about 10 feet below the Lahontan beach (p. 30, 64,
65). Commonly the two shorelines are difficult
to separate because they are almost superimposed, the
Lahontan beach is poorly developed, and the gravels of

“the two shorelines are similar, Four criteria useful for

differentiation are:

1. Eolian sand and alluvium of the Wyemaha forma-
tion locally separate the Eetza and Sehoo formations.

2. Beaches underlain by the Sehoo formation bear only
the Toyeh soil (p. 78), whereas those above the high-
est early Sehoo shoreline and underlain by the Eetza
formation bear the Churchill soil.

3. Shore features of Eetza age are slightly more eroded
than those of Sehoo age below.

¢. Embankments of gravel of the Eetza formation were
wavecut at the highest shore of the early Sehoo lake,
gnd the resulting scarps are fresher than the Eetza
shore features above.

Regressive shorelines.—Shorelines associated with re-
gressive-phase gravel of the lower member of the Sehoo,
that is, dating from the regression of the early Sehoo
lake, are less developed than those formed during the
transgression. None have rock-cut features or asso-
ciated boulder gravel. They are rare and very weak
for at least 150 feet vertically helow the 4,265-foot shore-
line (pl. 9); this zone shows as a broad band on the
old lake shores where the blanket of cellular tufa, if
present, is unbroken by later wave scarping and where
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overlying lake sand and gravel of the regressive phase
of the lower member of the Sehoo is very local and thin.
Below the highest shoreline of the middle Sehoo lake
(about 4,190 feet), the regressive shorelines of the early
Sehoo lake commeonly are obscured by the reworking
done by the later lake.

COMPARATIVE HEIGHTS OF HIGHEST EETZA AND EARLY BEHOO
SHORELINES AT RUSSELL SPIT

This writer’s conclusions on the comparative heights
of the Eetza and early Sehoo lake maximums differ from
those reached by Russell (1885), and also from those
reached by Jones (1925, 1933) and, in part, by Antevs
(1925a, 1945, 1048, 1952). Only Russell has published
concrete field evidence, and only his interpretations will
be considered here. TRussell concluded that at the maxi-
mum of the first deep-lake period (Eetza time of this
report), Lake Lahontan rose only to the lithoid terrace
level (about 4,350 to 4,370 feet in the map area), and
that at the maximum of the second deep-lake period
(Sehoo time of this report), it rose to the Lahontan
beach (about 4,380 feet). He deduced this history by
interpreting the order of formation of overlapping
high-shore spits, bars, and terraces, particularly at an
unusually instructive compound spit on the west side of
the pass between the White Throne and Desert Moun-
tains, now known as Russell Spit (Russell, 1885, p. 113-
114 and pl. 19; also see U.S. Geological Survey map of
Weber Reservoir 15-minute quadrangle).

Russell reasoned that at Russell Spit the overlapping
relations of the different lake-gravel embankments in-
dicate that the highest ones are the youngest, and par-
ticularly, that embankment 4 was built over and hence
is younger than embankment ¢ (fig. 28). He believed
that lithoid tufa was deposited only during the first
deep-lake period, and concluded that embankment ¢
postdates the one just below it becaunse this tufa encrusts
the gravel on the lower embankment. In his summary,
he (1883, p. 170-171) noted, however, that the geomor-
phic evidence from this and other localities was incon-
clusive, and that the “chemical evidence” afforded by
the sequence of deposition of the tufas was more sig-
nificant.

The writer's observations and deductions on the
stratigraphic and geomorphic relations at Russell Spit
are as follows (fig. 29) :

1. The uppermost spits (4 and B, fig. 28) are made
up solely of gravel of the Eetza formation and hence
were not built during the second deep-lake period
(Sehoo time) as Russell believed. This gravel bears
typical Churehill soil and neither the gravel nor the soil
has been reworked by later lake action. At spit 4 the
Lahontan beach is at an altitude of 4,378 feet, as deter-

mined by a line of level run by G. M. Stanley in 1948
from the Nevada Highway Department bench mark
at Russell Pass.

2. The crest line of spit ¢ is irregular; it is 2 to 3
feet higher in the central part than at either the distal
(south) or the shoreward (uorthwest) end. This con-
dition is anomalous, as the crest line of a monogenstic
spit normally becomes lower, not higher, offshore; it
suggests that the higher part may be a reinnant of an
older spit. The detailed mapping bears out this sug-
gestion. The gravel of the higher central part bears soil
correlated with the Churchill soil, whereas the gravel at
the ends bears soil correlated with the Toyeh soil. The
higher gravel also is more heavily costed with desert
varnish than the lower. Geomorphic relations indicate
that both gaps were cut by subaerial, not lacustrine,
erosion. Erosion of the north gap was shallow, for test
pits show that the Sehoo formation here is commonly
only 1 or 2 feet thicl, and is over Eetza formation which
bears ercded Churchill soil.

Additional evidence that the spit became breached be-
tween the two lake occupations is given by the directions
of longshore transport that can be inferred from the
composition of the two gravels. The Eetza formation
iscobble gravel containing rhyolite, andesite, and basalt.
The rhyolite could have come only from outcrops to
the northwest, and some of the andesite could have come
only from the southeast. Yet the top (Eetza) level of
the spit now ends 300 feet short of the south shore, and
is separated from this shore by the 10-foot-deep gap at
the south end of the spit. The Sehoo formation, on
the other hand, is medium gravel consisting of rhyolite
and a little andesite like that in dikes just northwest of
the spit; the composition and morphology of this part
of the spit indicate derivation solely from the north-
west.

3. The tufa that encrusts the gravel on the first ter-
race below spit ¢ (at about 4,335 feet) is of two ages:
The earlier—lithoid tufa of the Eetza formation—is
exposed locally in the wave-cut scarp below the front
edge of this terrace; locally veneering this cut surface
and overlapping gravel of the lower member of the
Sehoo formation ig cellular tufa, also of the lower mem-
ber of the Sehoo, that extends to about the same alti-
tude as the earlier tufa. Geomorphic superposition
shows that part of spit € (the part built in early Sehoo
time) postdates the cellular tufa deposition, but it does
not prove that the whole of this spit was built during
a separate later lake cycle, as Russell inferred.

The inferred lake history at Russell Spit is as follows:

1. Eetza time: During the transgression of the first
Eetza lake a gravel spit was constructed at this site at
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an altitude of about 4,355 feet. The gravel was partly
cemented by the highest deposits of lithoid tufa of Fetza
aoe. Soon after, when the lake had risen about 15 feet
hli:gher, spit ¢ was built all the way across the embay-
ment by long-shore drift from both the northwest and
the souwtheast. When this lake cycle reached its maxi-
mum (the maximum for all Lake Lahontan time) at
4,378 feet, spit A was built. During recession of this
lake, minor further deposition and modification of spit
& and lower shore features may have occurred. The
maximum of the second Fetza lake was well below these
spits.

2. Wyemaha and Churchill time: Subaerial erosion
of these shore features during Wyemaha time is not
evident, In Churchill time, the Churchill soil formed
on them.

3. Sehoo time: Spit ¢ was subaerially eroded in very
early Sehoo time, after the Churchill soil formed and
before the early Sehoo lake had risen to the level of the
spit. Probably the large wash that heads back of the
reentrant overflowed the spit, corrading several feet at
the northwest end, and more at the south end of the spit.
As the lake rose the earlier embankment was scarped
at 4,340-4,350 feet, and a coating of cellular tufa was
deposited to & maximum altitude of 4,355 feet. The
early Sehoo lake reached its maximum at 4,368 feet—
3 feet below the Eetza level of spit ¢ and 10 feet below
the maximum lake level in Betza time. At this level,
gravel derived by longshore drift from the northwest
healed the breach at the northwest end of the spit, and
partly healed the breach at the south end by developing
a series of small stepped spits; a shore terrace was cut
into the side of spit A. As the early Sehoo lake receded,
it reworked earlier gravel to build most of the embank-
ments seen today below spit ¢. This ended the lake
history at this locality, for later lakes did not rise nearly
this high.

LARE LEVELS DURING DEPOSITION OF THE THINOLITE UNIT

The 4,040-foot shoreline is the lowest definite shore-
Iine formed during the regression of the early Sehoo
lake. Lake Lahontan fell at least 50 feet below this
level during deposition of the thinolite member (pl. 10),
b.ut this minimum lake level is not marked by a shore-
line or shore gravel of the same age as the thinolite unit.
Strongly developed terraces at altitudes of 3,990-4,010
fe.et in the Carson Desert, which are possibly correlative
w1§h the thinolite terrace at this altitude in the Pyramid-
Winnemueca lake area (Russell, 1885, p. 237; Jones, J.
C., 1925, p. 43; Antevs, 1945, p. 30), date mainly from

Eetza,_ f:,ime (p. 81)—long before the main thinolite
deposition in the Carson Desert,

SHORELINES OF THE MIDDLE SEHOO LAKE; “DENTRITIC
TERRACE”

Of the four distinct shorelines (pl. 9) associated with
transgressive-phase gravel of the dendritic member of
the Sehoo, only the 4,045-foot shoreline is well marked.

A wealz shoreline at about 4,190 feet seems to mark
the highest level reached by the middle Sehoo lake.
This shoreline is the upper limit of dendritic tufa depo-
sition, and probably is the same as Russell’s dendritic
terrace (Russell, 1885, p. 101-102; Antevs, 1945, p. 30).
It is marked neither by distinctive deposits nor by
prominent morphologic features and is only locally dis-
tinguishable. In places, for example, the dendritic tufa
resembles “coralline” tufa, and the gravel resembles
regressive gravel, of the lower member of the Sehoo.
The high shoreline is locally clearly marked by gravel
bars in intermountain saddles such as those east and
west of Rainbow Mountain and between the White
Throne and Desert Mountains, but it is obscure on the
mountainous shores except for tiny bars of gravel of
the dendritic member in a few places. :

About 14 moderately to strongly marked shorelines
are associated with the regressive-phase gravel of this
member, They are conspicuous because they are the
youngest shorelines on the highland shores and have not
been modified by later lake erosion. The terraces, bars,
and spits of all the middle Sehoo shorelines, both the
transgressive and regressive, consist of fine to medium
pebble gravel; rock-cut features are absent.

SHORELINES OF THE LATE BEHOO LAEKE

Shorelines of late Sehoo age are weakly developed
and few—there are two high shorelines, 10 feet apart,
and a regressive one. The high pair is marked locally
by small bars and terraces consisting generally of
pebbly sand and sand but of fine gravel in a few places
close to mountains. The highest shoreline generally is
at an altitude of 8,990==10 feet (for example, the west-
ern Lahontan and northern Bunejug Mountains, south-
eastern Bass Flat, and northern piedmont of Desert
Mountains; pl. 2). At the northeast edge of the
Laliontan Mountains, east and northeast of Reed Butte,
and in the saddle between Rainbow Mountain and the
Stillwater Range, however, the shoreline is lower—
3,980 to 3,975 feet—due probably to local downwarp-
ing. On the west river delta and east of the Dead
Camel Mountains it has been almost completely deflated
or covered by eolian sand.

The delta at Indian Lales (p. 62, 63) marks a regres-
sive shoreline at an altitude of 8,917-3,927 feet. The
small size and simple structure of this delta suggest that
it formed during a comparatively brief stillstand.
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INDIAN LAEES FORMATION
GENERAL FEATURES

The Indian Lakes formation (Morrison, 1961a) con-
sists of alluvium, some colluvium, eolian sand, very
shallow lake silt and clay, and locally voleanic sand of
the same age as the Sehoo formation and intertonguing
with it. It overlies the Wyemaha formation, with slight
or no disconformity, is younger than the Churchill soil,
and is overlain by the Turupah formation. The Indian
Lalkes formation 1s sparsely distributed in both high-
lands and lowlands, and is commonly only several
inches to several feet thick, having o maximum thick-
ness of perhaps 15 feet in alluvial channels.

At its type locality, the western part of the Indian
Lakes area, SEl4, T.20 N., R. 29 E. and SW1, T.20 N,
R. 30 E.,, alluvial sand of this formation makes up two
prominent distributary channels on a delta of late
Sehoo age.

TONGUES AND AGE UNITS

The Indian Lakes formation always is subdivided on
the geologic maps (unlike the Sehoo formation) and in
the stratigraphic sections. It is subdivided into tongues
where it is actually intercalated with members of the
Sehoo formation or the Sehoo and the Churchill soil;
in other places it is subdivided into age units as a resuli
of correlation with the Sehoo formation.

Three tongues—lower, middle, and upper—are dif-
ferentiated in stratigraphic sections, but only the mid-
dle tongue in the Carson Lake quadrangle is used as a
map unit as the others are too thin. The lower tongue,
of early Sehoo and Indian Lakes age, is between the
Churchill soil and the lower member of the Sehoo for-
mation; the middle tongue, of early and middle Sehoo
and Indian Lakes age, is between the lower and den-
dritic members of the Sehoo ; the upper tongue, of mid-
dle and late Sehoo and Indian Lakes age, is between
the dendritic and upper members of the Sehoo. The
time intervals of the middle and upper tongues are lo-
cally represented, at least in part, by very weakly de-
veloped soils and by disconformities within the Sehoo
formation that record subaerial exposure. These two
tongues and the coeval disconformities and soils attest
to recession of Lake Lahontan to altitudes of at least
as low as 8,990 (middle tongue) and 3,500 {(upper
tongue) feet. The recession during the time repre-
sented by the middle tongue is here called the thinolite
recession (after the thinolite unit of the Sehoo forma-
tion) ; and the recession during the time of the upper
tongue is called the late Sehoo recession.

Allovium of 1niddle Sehoo and Indian Lakes age,
mapped only in the Fallon and Soda Lakes quad-
rangles, overlies the dendritic member of the Sehoo

formation at altitudes above the highest shore of the
late Sehoo Lake (and hence above the upper tongue of
the Indian Lakes formation). Alluvium of late Sehoo
and Indian Lakes age, mapped in all four quadrangles,
ranges from far above the high shore of the late Sehoo
Lalke to 80 feet below this shore, and it both intertongues
with and overlies the upper member of the Sehoo for-
mation. A volecanic-sand complex of early (?), middle,
and late Sehoo and Indian Lakes age is mapped as part
of the Indian Lakes formation in the Soda Lake area.

ALLUVIUM AND COLLUVIUM ABOVE THE LAHMONTAN BEACH

Alluvium and colluvium of this formation are ex-
posed in the mountains above the Lahontan beach in
tiny patches a few inches to several feet thick—hence
unmappable—and cannot be differentiated as to mem-
ber or age subdivisions within the formation. Ths
alluvium is bouldery gravel that mantles local terraces
a few feet above present wash beds. The colluvium is
mostly block streams on steep slopes (probably devel-
oped by washing out of fines from solifluction mantle of
Eetza age) and slope wash near the base of slopes and

in swales.
LOWER TONGUE

The lower tongue consists of alluvial sand and gravel
between the Wyemaha formation and the lower mem-
ber of the Sehoo formation; it is younger than the
Churchill soil. It is differentiated only below an alti-
tude of 4,370 feet, the highest altitude reached by the
lower Seligo. ccurrences are rare and too thin to be
mapped. The type locality is the site of section 34
(table 10) in Churchill Valley, where this member is
alluvial sand between the Churchill soil and the lower
member of the Selhoo.

MTDDLE TONGUE

The middle tongue consists of alluvial gravel, col-
luvium, and eolian sand. It is differentiated only below .
the high shore of the middle Sehoo Lake, at an altitude
of about 4,190 feet, and occurs locally down to about
3,090 feet, It represents not only time represented by
the thinolite unit of the Sehoo (here called thinolite
recession time), but also parts of early Sehoo Lake time
and middle Sehoo Lake time (pl. 12). The type locality
ig the site of section 89 (table 10), in ITidden Cave, in
Fetza Mountain. The member is bed 10 in this section,
which consists of colluvium (slope wash) 1.7 feet thick
between clay and silt of the lower and dendritic mem-
bers of the Sehoo formation, at an altitude of about
4,095 feet.

The middle tongue has been recognized and difleren-
tiated chiefly in the Carson Lake quadrangle. It is
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here principally alluvial gravel, which forms tiny allu-
vial fans 1 foot to perhaps 5 feet thick on piedmont
slopes, over gravel of the lower memnber of the Sehoo.
The alluvial gravel is locally overlain by 1 foot to sev-
era] feet of dendritic tufa and(or) gravel of the den-
dritic member of the Sehoo. The middle Sehoo lake
eroded these fans relatively little and the pattern of
their distributary chennels still is evident. The chief
occurrences and approximate lowest altitudes reached
by the alluvium are: (a) secs. 10 and 14, T. 18 N, R. 30
E., on the north side of Sehoo Mountain, 4,020 feet;
(b) SW14 sec. 28 and NW1 see. 33, T. 17 N,, R. 80 E,,
southwestern piedmont of the Bunejug Mountains,
4,070 feet; (c} SWi4 sec. 33, T. 17 N., R. 30 E,, 4,040
feet; (d) sec. 26 (unsurveyed), T. 17 N., R. 30 E,, éast
side of the Bunejug Mountains, 4,120 feet; (e) N14 sec.
16 (unsurveyed), T. 16 N., R. 31 K., east side of the
- Cocoon Mountains, 4,020 feet; {f) NE1LNWIL; sec. 9,
T. 16 N., R. 29 E., north side of the White Throne
Mountains, 4,015 feet; (g) NW1,8W1 sec, 3, T. 16 N.,
R. 29 E., north side of the White Throne Mountains,
4,010 feet.

Colluvium (slope wash) of this tongue can be seen at
Hidden Cave, the type locality, and locally in some of
the gravel pits in western Wyemaha Valley (fig. 15C").

Disconformity coeval with the middle tongue—The
lower and dendritic members of the Sehoo formation
are separated locally between altitudes of about 4,190
and 3,990 feet by an incipient soil (p. 75) and (or)
by a disconformity that records subaerial exposure dur-
ing the time interval of the middle tongue of the Indian
Lakes formation. In most places, however, these sub-
gerial features were obliterated by wave erosion of the
middle Sehoo lake. The disconformity has been noted
as low as about 3,990 feet at the extreme west edge of
Wyemaha Valley (pl. 8 and sections 41 and 42, table
10), where it locally is underlain by an incipient soil.
In places it is indicated by gullies cut into gravel of
the lower member and filled by gravel of the dendritic
member of the Sehoo formation ; the lowest such oceur-
rence in the Carson Lake quadrangle is at an altitude
of about 4,020 feet in the long spit extending southward
from the southwestern Bunejug Mountains (fig. 25).
A filled valley on the Carson River delta probably also
indicates this disconformity. The road from U.S. High-
way 50 to Northam School, on the line between secs.
19 and 20, T. 19 N., R. 27 E., crosses a deep channel cut
into clayey sediments of the lower member of the
Se'h(.)o and filled by silt and sand probably of the den-
dritic member of the Sehoo. The channel probably was
cut during the thinolite lake recession. The fill extends
bG_IOW an altitude of 4,040 feet so Lake Lahontan fell
still lower during this recession.

ALLUVIUM OF MIDDLE SEHOO AND INDIAN LAKRES AGE

Alluvium of middle Sehoo and Indian Lakes age is
on the Carson River delta in the Soda Lake quadrangle,
where it consists of sandy gravel and sand in an old
distributary channel that extends from sec. 14, T. 19
N,R.27T E., tosec. 25, T.20 N, R. 27T E. The distribu-
tary chanmel overlies the dendritic member of the Sehoo
(hence is younger than the middle tongue of the Indian
Lakes formation) and seems to have formed when the
middle Sehoo lake stood at an altitude of about 4,010
feet during its recession.

Upper tongue—The upper tongue consists of local
colluvium and marsh silt or very shallow lake silt and
clay intercalated between the dendritic and upper mem-
bers of the Sehoo formation. It can be distinguished
only where it is overlain by the upper member of the
Sehoo, that is, below 3,900-£10 feet ; it is everywhere too
thin to be inapped, but is differentiated in stratigraphic
sections.

The type locality is the site of section 17 (table 10),
about two-thirds of a mile north of Harmon School
(not in use), where an irrigation canal exposes a 3-foot
bed of colluvium of this member that locally bears the
Harmon School soil (p. 75) and is intercalated be-
tween clay of the dendritic member and silt and sand
of the upper member of the Sehoo.

Colluvium similar to that at the type locality occurs
discontinuously for several miles west of the Sagouspe
fault zone, above that 3,925 feet altitude, and is as
much as 3 feet thick. It consists of angular to sub-
angular fragments of clay from the Sehoo formation,
locally mixed with sand, which is indistinetly bedded
and shows little evidence of transport; in places it
bears the Harmon School soil. Commonly the lower
contact of the colluviwm is sharp but undulating, and
the underlying lake clay is broken and closely jointed
for about 1 foot below the contact.

Below 3,925 feet the member is rare, but it has been
identified at 3,908 feet in a borehole along the Diagonal
Drain in the SW 14 sec. 17, T. 18 N, R. 30 E,, where it
consists of 114 feet of carbonaceous silt and sand
between clay of the upper and dendritic members of the
Sehoo; it also has been found at about 3,500 feet in the
western Indian Lakes area, where it consists of 14 to 2
feet of black carbonaceous silty clay, which is probably
a marsh or swamp deposit (section 5, table 10).

Disconformity coeval with the upper tongue—A dis-
conformity within the Sehoo formation that records
subaerial erosion commonly occurs at the same strati-
graphic position and altitnde range as the upper
tongue of the Indian Lakes formation, where that
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This disconformity
basins on the west delta of the late Sehoo lake, east-

ward to the Sagouspe fault zone.

the Sehoo formation, and in places it is underlain (fig.

804 ) by the Harmon School soil {p. 75).
has a relief of several feet. It is readily confused with

the larger unconformity of Turupah age (p. 75,77), be-
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of the lower limit of the late Sehoo recession 1s the
Jowest altitude reached by early lithoid tufa of the
upper member of the Sehoo (table 3), which probably
formed in less than 5 feet of water. This tufa reaches
altitudes as low as 3,885 feet as a local lag deposit on
eroded clay of the lower and middle members of the
Sehoo in the eastern part of the Stillwater quadrangle.
Its original lowest altitude was 3,890-5,895 feet when
allowance is made for subsequent erosion and deforma-
tion, so probably Lake Lahontan fell at least as low
as 3,900 feet during this recession.

ALLUVIUM, COLLUVIUM, AND EOLTAN SBAND OF LATE S8EHOO AND
INDIAN LAKES AGH

Most of the Indian Lales formation occurs at alti-
tudes above the high shore of the late Sehoo lake, com-
monly resting on the dendritic member of the Sehoo.
These deposits—mainly alluvium, and minor amounts
of colluvium and eolian sand-—are considered to be of
late Sehoo and Indian Lakes age, and are not included
in the upper tongue of the Indian Lakes, because, where
they extend to or below the late Sehoo high shore, they
intertongue with or rest on the upper member of the
Sehoo, and hence are younger than the upper tongue
of the Indian Lakes formation.

The alluvium of late Sehoo and Indian Lakes age
was deposited by the Carson River and the highland
washes. The wash alluvium is torrentially bedded and
‘poorly sorted, having a wide range in size grade and a
high percentage of angular and subangular fragments.
It ranges from gravel and boulders locally several feet
in diameter in the mountains, to sandy gravel and peb-
bly sand in distal parts of the fans. Where it can be
differentiated from alluvium of the Fallon formation,
it is generally more widespread and somewhat coarser.

The alluvium of the Carson River occurs in distribu-
tary channels on the two deltas of late Sehoo age (p.
62,63} and on terrace remnants along the river upstream
from the west delta. Tt is typical of relatively low-
gradient perennial-stream deposition—pebbly to fine
sand, fairly well sorted, and generally evenly bedded.
Even in the coarsest deposits few pebbles exceed 1 inch
in diameter.

The alluvial sand on the Indian Lakes delta marks
two distributary channels that now appear as couspicu-
ous ridges rising several feet ibove the delta; their
coarser sediment has resisted subsequent deflation more
than the interchannel sediments. The west channel can
be traced for more than 3 miles; normally about 400
feet wide, it widens to 2,000 feet at its lower end, at
an altitude of about 3,918 feet, where it intertongues
with the upper member of the Sehoo. The east channel,
roughly paralle] to the west, can be traced for about

615 miles downstream to about 3,908 fest, 1 mile east
of the terminus of the west channel. The highest ex-
posures of both channels are only about half a mile
apart, and there tlie channels are converging toward
the gap cut by the river through the Sagouspe scarp.
These channels are presumably distributaries from the
same channel of the Carson River. The alluvium of
both channels is fine-pebbly coarse and medium sand
and scattered fraginents of early lithoid tufa of the
upper memnber of the Sehoo; it bears the Toyeh soil,
which demonstrates its pre-Fallon age.

Colluvium considered to be of late Sehoo and Indian
Lakes age occurs in IHidden Cave (bed 7, in section 39,
table 10). It is a lenticular bed of coarse gravelly slope
wash as much as 1 oot thick, which extends only a few
feet into the cave. It overlies lake sand and gravel of
the dendritic member of the Sehoo and is overlain by
loess that is correlated with the Turupah formation.

Eolian sand of late Sehoo and Indian Lakes age
locally intertongues with the upper member of the
Sehoo on the west delta of the late Sehoo lake (section
7, table 10}.

VYOLCANIC+SAND COMPLEX OF SO0DA LAKTD

Soda and Little Soda Lakes occupy eraters in an ellip-
tical cone, 100 feet high and 114 to 214 milesin diameter,
of sandy pyroclastic debris; the bottom of Soda Lake
is about 230 feet below the general surface of the desert
outside the cone. The cone deposits, mapped as the vol-
canic-sand complex of Soda Lalke, are mainly sand, silt,
and a little gravel, derived from underlying Quater-
nary sediments, and a small percentage of basaltic
lapilli and bombs; no flows or dikes are present. The
only good exposures are in the crater walls, especially
the bluffs bordering the northeast half of Soda Lake.
Three main stratigraphic units, separated by angular
unconformities, were formerly exposed here (Russell,
1885, p. 78-76, pl. 17), but the 60-foot rise in lake level
since development of the Newlands Irrigation Project
has left exposed only the upper unit and a local selvage
of the middle unit.

The lower unit, according to Russell, is thinly bedded,
perhaps lacustrine, sand and silt that contains abundant
basaltic lapilli; the unit is cemented, jointed, and much
faulted. Its former maximum exposed thickness appar-
ently was between 10 and 20 feet; an angular uncon-
formity having several feet of local erosional relief
separates it from the middle unit.

The middle unit, according to Russell, is about 50 feet
thick and consists of well-bedded moderately indurated
basaltic lapilli sand, interbedded with considerable
marl, silt, and clay that contain the pelecypod Ano-
donia, and locally, a few feet below the top, a layer of
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tufa; probably it is lacustrine throughout. This unit is
locally faulted and an angular unconformity having
several feet of local relief separates it from the upper
unit. The only exposures of this unit still above water
are a discontinuous selvage, half a foot to 15 feet thick
along the southeast shore of Soda Lake (section 10, table
10) ; here the unit lacks both tufa and shells. Itistenta-
tively correlated with the lower member of the Sehoo
because the next overlying beds are correlated with the
dendritic member of the Sehoo and the separating un-
conformity seems to represent a small time span.

The upper unit, as much as 120 feet thick, makes up
nearly all the exposed volcanic sand of Soda Lake. It
contains 4 zones, but the lowermost 2 zones are exposed
only locally in the bluffs on the southeast side of the lake
(section 10, table 10}. The lowermost zone rests on the
middle unit with a marked angular unconformity, and
consists of 14 to 2 feet of soft lacustrine silt overlain by
about 7 feet of lacustrine well-sorted fine-pebbly sand
and grit composed mainly of basaltic lapilli and a few
waterworn fragments of dendritic and lithoid tufa,
which are typleal of the denditric member of the Sehoo;
hence, this zone is correlated with the denditric member
The second zone, as much as 10 feet thick but locally
absent, is poorly sorted indistinctly bedded fine-pebbly
medium sand; it seems to be slope wash. The
third zone, about 45 to 60 feet thick and probably la-
custrine throughout, consists of a few feet of silt at the
base, overlain by interbedded generally rather poorly
sorted sand, fine-pebbly sand, and some fine gravel; it is
moderately to well bedded, locally ripple bedded, and
somewhat indurated. These beds contain several per-
cent to locally more than 60 percent basaltic lapilli, and
less than 1 percent to several percent coarser fragments
(voleanic bombs and bloeks) of basalt. These larger
fragments are mostly less than half an inch in diameter,
although cobble- and even boulder-sized fragments (to
about 2 feet in diameter) occur rarely throughout the
zone, as do some fragments of indurated silt and clay,
waterworn fragments of dendritic and lithoid tufa, and,
very rarely, pebbles of gneiss, rhyolite, and other non-
basaltic rocks. As Russell pointed out, the lapilli are
angular, not water rounded, and the bombs have dense
exteriors, scoriaceous interiors, and in places the beds
for sevaral inches beneath the larger bombs are de-
pressed. This zone also is correlated with the dendritic
member of the Sehoo.

The fourth zone, about 40 feet thick, is similar to the
third zone except it is practically unconsolidated, gen-
erally poorly sorted, and probably subaerially de-
posited. This zone is poorly exposed but underlies all
the outer slopes of the cone. Tt locally is overlain by
eolian sand of the Turupah formation, and it bears the

Toyeh soil where the eolian sand is absent. It is corre-
lated with the upper member of the Sehoo.

At the periphery of the cone, relations of the volcanie
sand to the Sehoo formation are poorly exposed, but
logs of many wells in secs, 5 to 9 and 18, T. 19 N,, R. 28
E. (W. O. Clark and C. H. Lee, written communication,
1916; Morrison, 1958a) suggest that at least the upper
and middle units intertongue with and into the Sehoo.
The boundary mapped is gradational ; the Sehoo forma-
tion is sandier than normal for 1 mile or more beyond
the boundary. On the west side of Soda Lake the tuff
cone appears downfaulted ; its boundary with the Sehoo
is concealed by eolian sand and lies in front of a ridge
that extends southwestward from the tuff cone. This
ridge consists of relatively nonbasaltic Sehoo forma-
tion—about 35 feet of fine sand and some interbedded
silt, capped by 10 feet of sand containing much den-
dritic tufa both as heads in place and as waterworn
fragments. At least the upper part of the ridge sedi-
ments is correlated with the dendritic member of the
Sehoo. The sediments cannot be correlated directly
with those exposed in the tuff cone because eolian sand
and slope wash conceal the transitional beds; they prob-
ably intergrade with the first and third zones of the
upper unit in the tuff cone.

The eruptions recorded by the lower unit in the tuff
cone are of uncertain, possibly early Sehoo, Wyemaha,.
or even Ketza, age. The middle unit may record erup-
tions beneath the early Sehoo ILake, but definite evi-
dence is lacking in the trivial exposures now available.
A conspicuous sand zone, interbedded between clay of
the Sehoo and locally more than 5 feet thick, that ex-
tends 3 to 4 miles southeastward from the base of the
Soda Lake cone, seems to be in the lower member of the
Sehoo and may represent sand blown out by eruptions
coeval with the middle unit.

The first three zones of the upper unit probably are
of the same age as the dendritic member of the Sehoo;
the first and third probably were derived mostly from
material blown out by contemporaneous small under-
water eruptions, though some parts may be merely re-
worled by lake waters and not directly derived from
volcanism. The second zone probably records subaerial
nonvoleanic deposition during a temporary minor re-
cession of the middle Sehoo lalke.

The fourth zone of the upper unit records the young-
est eruption, which probably took place during the
transgression of the late Sehoo lake. This eruption was
subaerial, for the lake lay well below the base of the tufl
cone. Partings of basaltic sand in the lower part of the
upper membel of the Sehoo formation oceur locally
within a few miles east of Soda Lake and may represent

material blown out by this eruption and deposited in the
lalke,
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FQOSSILS OF SEHOQO AND INDIAN LAEKES AGB

Fossils obtained from the Sehoo and Indian Lakes
formations include the following:

Fossils of early Sehoo age—A horse jawbone and 2
metapodial leg bone of a camel were obtained from
grave] of the lower member of the Sehoo about 20 feet
below the surface in a deep gravel pit, 714 miles south-
cast of Salt Wells, sec. 26 (unsurveyed), T.17 N, R. 31
E., operated by the Tedford Brothers of Fallon. The
horse maxilla was determined by R. A. Stirton, Depart-
ment of Paleontology, University of California, Berke-
ley, to be Zquus, sp., undoubtedly a relatively recent
form. 'The camel metapodial was determined by Jean
Hough, U.S. Geological Survey, to be Camelops?.
Probably also of early Sehoo age are the bones of three
extinet vertebrates from a gravel pit at Astor Pass, 4
miles northwest of Pyramid Lake, identified by Mer-
riam (1917) as Felis atrox Leidy, a lion), Camelid, near
Cumelops, and Equus sp., probably near Z. pacificus,
or possibly . occidentalis. The Astor Pass gravel pit
is above 4,200 feet and likely above the middle Sehoo
lake; hence the gravel and tufa in the upper part of
the deposit that yielded the bones probably is in the
lower member of the Sehoo.

Fisli bones that weathered out from clay of the lower
member of the Sehoo 1 to 2 feet above the Sehoo-Wye-
maha contact, about 1 mile south of Carson Sink and
3 miles northeast of Upsal Hogback (sec. 7, T. 21 N.,
R. 29 E.), were identified by D. H. Dunkle, U.S. Na-
tional Museum, as a “mixture of perhaps two suckers
(family Catostomidae), carp (family Cyprinidae}, and
possibly also bullhead (family Cottidae).”

Snails were collected from gravel, sand, and silt of
the lower member of the Sehoo at 18 localities (table
6 and p. 51-59), ranging in altitude from 4,090 to 4,330
feet. They were determined by Joseph I’. E. Morrison,
U.S. Geological Survey, to be solely of one species,
FParapholyz nevadensis Henderson, in all but one col-
lection; the snails varied toward P. [nevadensiy] pu-
sille F. C. Baker in three collections and toward P.
nevadensis solida Dall in two collections. Omne collec-
tion contained Vallonia cyclophorella Ancey, in addi-
tion to Parapholys nevadensis, variety toward pusilla.
All are aquatic species.

. Each of the fossil forms from the lower member of
the Sehoo is still living in North America, except the
__'H_l;apama.lia.n vertebrates, which suggest a late Pleistocene
_ age The predominance of the snail Parapholys neva-
dﬁm?s here, in contrast to the more general and larger
llsti.;‘_‘_‘ig_f*mollusks from the lake deposits of Fallon age
ggests a difference in lake ecology—possibly colder

Fossils of thinolite recession age—Vertebrate bones
were obtained from the middle tongue of the Indian
Lakes formation in pit N6 at Hidden Cave (unit 10
in section 389, table 10). They were identified by
Seth B. Benson, Museum of Vertebrate Zoology, Uni-
versity of California, Berkeley, and E. C. Furlong,
Department of Vertebrate Paleontology, California
Institute of Technology, as one individual each of:

Marmota flaviventer (yellow-beliied marmot)

Neotoma sp. (wood ral)

Lepus sp. {jackrabbit)

Sylvilagus sp. (cottontanil or pigmy rabbit), and bird, not
identified

Each form is still living in the area.

Fossils of middle Sehoo age—Fish bones in a slab
of lacustrine limestone from the middie member of the
Sehoo in pit N6 at Hidden Cave (top of unit 9, in sec-
tion 89, table 10), were determined by D. H. Dunkle,
TU.S. National Museum, as similar to those described
above from clay of the lower member of the Sehoo.
Another collection from the same horizon was identi-
fied by Ira LaRivers, Department of Biology, Univer-
sity of Nevada, as containing the fish Siphateles, prob-
ably 8. bicolor obesus, the Lahontan Tui chub, and
the ostracod Cyprinotus sp., possibly C. dentatus
Sharpe. All these forms are still living and are not
diagnostic of age.

Fossils of late Sehoo and Indian Lakes age~~The
slope-wash gravel of late Sehoo and Indian Lakes age
of the Indian Lakes formation in Hidden Cave (unit
7 in section 39, table 10) yielded many mammal and bird
bones and a few seeds and mussel (Anodonia sp.) shells,
which were probably carried to the site by Indians.
The mammal bones were identified by S. B. Benson
and staff, University of California, Berkeley, as the
following (each species is still living in the area except
those starred, which have become extinet within the
last century) :

Afyotis sp. (mouse-eared bat, 1 individual}
Mustela frenate (long-tailed weasel, 1 individual)
Vulpes fulva (red fox, 1 individual)
*Qania lupus (wolf, 1 individual)
Citellus sp. (ground squirrel, 1 individual)
Dipodomys (Kangaroo rat, 2 individuals)
Neotoma sp. (wood rat, 13 individuais)
N. lepida {desert wood rat, 7 individuals)
V. cinerea (bushy-tailed wood rat, 6 individuals)
Marmote flaviventer (yellow-bellied marmot, 13 individ-
uals)
Lepus californicus (blacktailed jackrabbit, 6 individuals)
Styvilagus sp. (cottontail or pigmy rabbit, 7 individuals)
Odocoileus hemionus (blacktail or mule deer, 1 fudividual)
Ovis canadensis (mountain sheep, 1 individual)
*Bigon (bison, 1 individual}



[X indicates that a glven form is present; of, tbat the form ig not certainly identifted but resembles the species listed. All determinations were made by Josoph P. It, Morrison, U,B, Geological Survey]

TasrLw 6.—Aollusks in the Fetza, Sehoo, and Fellon formations

Sehoo formation

Fallon fermation

Fotza
forma- i
tion Upper First Second Third lnke Living at
Lower member menm- lako lakeo unit Young lake and inierlake unit presan
ber unit unit
Fossilloeallty No.l_ oo e 1 7189 |10[11}12|13[14[15116;17118[19(20|21)22(23|24] 26 {20{30[31{32(33134]35/35(37|38(30|40[41;42143[45(46/47148(49| 50151 16| 53] 54|55 66: 67;68|59] 60 | 61 | 62
Qastropods
Parepholyz nesadensis Hunderson ________________________ RIS NN P
[nevadensis} pusillg F. C, Baker. _ I

nevadensis solide Dall
Vallonia cyclonhorells Ancey.
Starmrcala pattesiris (Mullerd oo et

Gyrauhta gimilaris I, C. Baker.
circumsiriatios (Tryon) -....
Helisomu ammon (Gould)—._____
H. tenue californiense F. C. Baker..,

Physe gyrine 8ay_ o oceeeens
humerom Goudd e e
Valyata humeralis californica Pilsbry._
utahensis horatii Bally and Baily. oeueo oo
Lymneen siagnelis Linnaeus.
Armiger eriste TAUnaeUS_ .. meaiccaoemaeee
Promenetus umbilicatellus (Cockeroll)_. -
Cinecinnalia imtegre BaY o ;e

. Pelecypods
Anodonta californiensis Lea.__

Sphaerium nobile Gould.___
Ferriagin S rnienn

I Localities ara dleseribed in the section *Fossil-mollugk Localities.?

i
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M. Wheeler collected a hovse bone during his
gations in this cave in 1940, from a bed that N. L.
st (written communication, 1956) tentatively cor-
¢ with the slope-wash gravel of late Sehoo and

Lakes age. E. C. Furlong, Department of Ver-
.te Paleontology, California Institute of Tech-
o7, identified the bones as £'quus occidentalis, which
ently became extinct at the end of the Pleistocene.
d bones from the slope-wash gravel of late Sehoo
ndian Lakes age in pit N6 at Hidden Cave were
mined by Hildegarde Howard, Los Angeles
vy Museum (forms now extinct in the area are
d) as follows:

alincetus leucocephalus (bald engle, 1 individual)
“leo mexicanyd ot peregrinus (faleon, 2 individuals)
snezicanus {prairie falcon, 1 individual)
reus hudsonius (marsh hawk, 1 individual)
o sp. (owl, 1 individual)
o virginianus (horned owl, 1 individual}
iymbus nigricollis (eared grebe, 3 individuals)
. guritus (horned grebe, 3 individuals)
chmorphorus occidentalis (western grebe, 2 individuals)
Iinaule chloropus (gallinule, 1 individual)
| p. or Rallug (gallinule or rail, 1individual}
lica americane or Gallinule chloropus (American coot or
“gallinnle, 1 individual)
H (size of Lerus californicus, 1 individual)
11l (size of Laruy glaucescens or ergentaius, 1 individual)
il (small, unidentified, 1 individunl)
alocrocoraw auritus (double-breasted cormorant, 6 indi-
vidnals)
_?ecaizus erythrorhyncehus (white pelican, 1 individual}
Andpiper (?) (1 individual)
franta nigricans (?) (goose, 1 individual)
was platyhyniches(?) malard?, 1 individual)
eute(?) (pintail duck?, 1 individual)
jroce affinis or Histrionicus sp. {scaup duck?, 6 indi-

#p. { duck, 5 individuals)

slanitie fusca (?) (white-winged scooter?, 1 individual)
@ sp.(?) {magpie?, 1individual)

tvue corar {holarctic raven, 2 individuals)

s gravel also yielded plant seeds identified by H. L.
Department of Botany, University of Califor-
erkeley, as Amsinkia sp. (yellow forget-me-not,
leneck™). A few fresh-water mussel shells were
probably Anodonta californiensis.

richness of this layer in vertebrate species and
uals, compared with the post-Sehoo deposits in
€, suggests 2 more abundant vertebrate fauna
ubsequently, The preponderance of modern
nd probably occurrence of Equus occidentalis
a late Wisconsin age.

iLS OF SEHOO AND INDIAN LAKES AGE

ery weakly developed soils are intercalated with
0 and Indian Lakes formations. Both are seen
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only where buried by deposits of Sehoo and Indian
Lakes age, becanse relict occurrences are masked by the
younger considerably stronger Toyeh soil.

INCIPIENT UNNAMED SOIL OF MIDDLE INDIAN LAKES AGE

The lower soil, not named, is a barely discernible in-
cipient weathering profile that developed beneath the
disconformity between the lower and dendritic mem-
bers of the Sehoo formation, which represents the same
time interval as the middle tongue of the Indian Lakes
formation, or part of this iuterval. This soil is at most
2 or 3 inches thick, and shows very weak prismatic
structure and brownish discoloration of the parent ma-
terial without obvious soil zonation; it is rarely pre-
served. It is exposed in the saddle between Eetza'
Mountain and Sehoo Mountain (pl. 8 and sections 41
and 42, table 10) at altitudes as low as about 38,990 feet,

HARMON 8CHOOL B0IL

The upper soil of Sehoo and Indian Lakes age is
called the Harmon School soil, after an abandoned
school two-thirds of a mile south of its type locality.
It occurs only where buried beneath the upper member
of the Sehoo, in places of little or no wave erosion; it
has not been found below an altitude of 3,920 feet. The
soil generally is developed on colluvium of the upper
tongue of the Indian Lakes formation or beneath the
disconformity within the Sehoo formation that repre-
sents this member. Where best preserved, it consists of
1 or 2 inches of brownish clay having weak prismatic
structure over a horizon of very weak calcium carbonate
accumulation several inches thick. Its type locality
is the site of section 17 (table 10; see also profile 178,
table 11) in SWI4NW14 sec. 24, T.19 N, R. 29 E. Its
profile here is modified by the superposed C., horizon
of the Toyeh soil; such a modified profile characterizes

most occurrences of the soil west of the Sagouspe fault
scarp.

TURUPAH FORMATION
GENERAL FEATURES

The Turupah formation is the youngest in the La-
honton Valley group. It consists of eolian sand and
alluvium, overlying the Sehoo formation and under-
lying the Toyeh soil and Fallon formation, These sub-
aerial sediments range in altitude from far above the
Lahontan beach to within a few feet of the lowest parts
of the basin floor. They, and a widespread discon-
formity that represents the same time interval, record a
time when Lake Lahontan generally was completely
dry.

The type locality of the Turupah formation (Mor-
rison, 1961a) is the exposure of eolian sand northwest
of Turupah Flat that extends about 14 mile on each side
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of the side road south from TS, Highway 50, from the
NW1i sec. 33 to the SEL4 sec. 29, T, 18 N, R. 30 E.
This sand disconformably overlies elay of the Sehoo,
locally bears the Toyeh soil, and is overlain by eolbian
and lacustrine sand of the Fallon formation.

Section 16 (table 10} shows typical stratigraphic re-
Iations of the eolian sand to the Toyeh soil and the
Sehoo and Fallon formations.

EOLIAN $4YD

Distribution, morphology and stradigraphic rela-
tHons~~Folian sund is the characteristic and most ex-
tengive deposit of the Turupah formation. Tt cceurs
in dunes and small ergs (extensive dune complexes},
and atiaing a maximum thickness of about 30 feet, It
is mapped only in the eastern quadrangles, but it is also
widespread in the western quadrangles. It ranges in
altitude from above the Lahontan beach to 3,875 feet—
almost to the bottom of the basin, The lowest occur-
rences ara at Pelican Island and Battleground Point {on
the south edge of Carson Sink), and in the eastern part
of the Indian Lakes area, where it is mostly buried by
lake and eclizn sand of the Fallon formation (here its
subsurface distribution was stodied by many anger
holes).

The original dune forms are still evident in places,
and are gimilar in type, distribution, orientation, and
probably in size and shape to the present dunes (p. 80~
85). In the highlands this eolian sand is less extensive
than the original distribution of eolian sand of the Wye-
maha formation, for it is absent from many slopes and
canyons where remnants of the older sand are preserved.

In the lowlands the eolian sand commonly overiies
the Sehoo formation, or locally the Wyemaha, with
marked disconformity owing to deflation of basin-
interior sediment. It generally is overlain by eolian
sand of the Fallon formation above the highest level

of the younger lakes (3,948 feet), and by both eolian
sand and lake sediment of the Fallon below this altitude
(fig.31}.

Its distribution and associated deflation features
show that the windblown sand eame mainly from the
Sehoo and Wyemahs formations in the Western half
of the Carson Desert. Much of the eolign sand on the
late Sehoo deltas was derived from local loke sand.

Lithology.—The eolian sand is generally fine-medium
to medinm sand; locally it contains considerable coarse
sand, grit, and even small pebbles. Tt is pale yellowish
gray to off-white, unindurated except where cemented
by the Toyeh soil, and has vhscure to distinet stratifica-
tion—either parallel, inelined, or crossbedded. Locally
it containg coprolites (probably covote) and rodent
bones, The coarsest deposits are on the west late Sehoo
delta and eastward to the S-line Reservoir. At this
reservoir the sand containg many fragments of late
lithoid tufs of the upper member of the Sehoo, mostly
less than an eighth of an inch across. Near Salt Wells
some beds contain 5 to 30 percent tufa granules.

Voleanic-ash parting~A. parting of white puaniceous
ash, 34 to rarely as much as 34 inch thick, occurs loeally
in the lower part of the eolian sand. This parting is
highly discontinuous and cannot be traced more than
a few feet at any given locality. Tt is not certain that it
is everywhere a single horizon, althongh no more than
one ash layer was seen at any one locality. This part-
ing can be seen at the following localities: {(a) about
a quarter of o mile southeast of Salt Wells; (b) in a
road cut 2.8 miles west of Salt Wells, on the north side
of Turupah Flat; {¢) within a few hundred feet of the
west edge of the northwest prong of the Bunejug
Mountains; (d) near Mahala siding on the railroad, 10
miles west of Fallon; and (e) in a road eut on the west
side of the Carson River flood plain 6 miles north-
northeast of Fallon and 2 miles south of Wolf Dam. A
similar ash parting locally overlies sand of the upper

FEET
25

Fisone 21— Diagrammatie cross seeticn showing feisiions of the Fallon, Turspab, Sehoo, spd Wyemabe formations sne-half mile northsast
of the 5-Liune Reserveir, KEYL sec. 22, T\ 1% X, K. 29 B Qfe. and Ofs colian und Izke sands, respectively, of i{he Fallon; fte eoslian
sand of the Turupah: fize, olay of the Bohoo : Ows, lake sand of the Weyemaha, Liefiation during Turupal time eraled deeply inte the

Rehoo formation, and In places entirely throughk it

Betwaesn the ¢oling sands of the Turepal and Fallen formations is a Iosal selvage

of lake sand (Qfs} and tufn (Qft,) of {he frst lnke unit of the Fallon formatisn,



QUATERNARY STRATIGRAPHY 77

member of the Sehoo, within a few inches of the surface,
along the south and west borders of Eightmile Flat.

Associated deflation basins and deflation plains.—In
the lowlands eolian sand of the Turupah formation
generally lies upon a widespread erosion surface that
was carved into the Sehoo and Wyemaha formations
and is characterized by deflation basins and deflation
plains rather than by fluvial features. The deflation
features are most prominent in the lowlands of the
northwestern half of the area. Dozens of deflation
basins, half a mile to several miles wide, are scooped
commonly 20 to 40 feet, and rarely 60 feet and more be-
low the top of the Sehoo formation; in places deflation
has eroded entirely through this formation and as much
as 30 feet into the Wyemaha formation. Carson Sink
is a huge deflation plain; its southwestern part is s0
strongly deflated that the Sehoo formation generally
has been entirely stripped away. This plain continues
ahout 7 miles southwestward from the southwest corner
of the sink past both sides of Upsal Hogback. On the
late Sehoo deltas deflation was insignificant on pebbly
sand of the Indian Lakes formation in distributary
channels, but it was commonly considerable in the basins
that were eroded in the finer interchannel deposits of
the upper member of the Sehoo. Lesser deflation af-
fected all other large exposures of clay of the Sehoo
formation, such as Bass Flats, Turupah Flat, and
Eightmile Flat. Probably more than one-half cubic
mile of sediment was deflated from the lowlands of
the map area,

LOESS

Quantitatively insignificant, yet conspicuous in parts
of the highlands, is a blanket of loess of Turupah age.
It ranges from less than 1 inch to rarely more than
1 foot in thickness, is mostly silt and fine sand, and is
generally indistinctly bedded and unconsolidated ; some
slope wash is intercalated locally. The loess bears the
Toyeh soil, where this soil has not been eroded. The
loess is most conspicuous on the eastern piedmonts and
commonly is barely noticeable on the western ones; it
probably was derived mainly by deflation from the low-
lands of the Carson Desert and transport and deposi-
tion by westerly winds. It is annoyingly evident on
the western piedmont of the Stillwater Range, north-
east of the map area, because of the dust it causes
on unsurfaced roads. The small patches of lake clay
and sand of the Fallon formation in ponded areas of
the highlands were mostly derived from this loess.

_. Several caves also contain beds of this loess {without

- the Toyeh soil). The main loessic deposit at Hidden
Cave (unit 6 in section 39, table 10), is correlated with
the___ Turupah formation because it overlies a slope-wash

gravel that is correlated geologically and archaeolog-
ically with the late Sehoo and Indian Lakes deposits,
and underlies midden, slope wash, and loessic layers
that are similarly correlated with the Fallon forma-
tion; also it apparently records the maximun eolian
activity of post-Sehoo time. Tt consists of as much as
5 feet of silt and fine sand, which is partly eolian and
partly slope wash. In Leonard rockshelter, an impor-
tant archaeological site in the West Humboldt Range
near Lovelock, Nev., the main loessic unit, probably
correlative with the Turupal, is correlated with the alti-
thermal age of Antevs (IHeizer, 1951).

Near the base of the loess of the Turupah in Hidden
Cave is a discontinuous parting of white pumiceous
ash 14¢ to % inch thick. A similar white ash part-
ing was observed near the base of the correlative de-
posit of altithermal age in Leonard rockshelter (Heizer,
1951). These partings may correlate with the one in
the lower part of the eolian sand. Petrographic exam-
ination of the ash from both caves indicates that it
probably came from Mono Craters, Calif., though not
necessarily fom the same eruption (written report, 1950,
by Howel Williams, Geology Department, University
of California, Berkeley, to R. F. Heizer, Anthropology
Department, same university).

ALLUVIAL SAND

Alluvium of the Turupah formation is exposed in
the northwestern Carson ILake and northeastern Fallon
quadrangles as discontinuous remnants, 100 to 500 feet
wide, that rise a few feet above the present floed plain.
These define a former channel complex of the Carson
River that commenced half a mile south of Fallon and
meandered eastward for 6 miles. The complex is partly
a single and partly a double channel, having a gradient
of about 414 feet per mile—about the same as the pres-
ent flood plain. Below an altitude of 3,930 feet it is
concealed beneath the Fallon formation, but it has been
traced in the subsurface about half a mile northeast-
ward where it is almost 10 feet lower (section 18,
table 10).

Sand pits in this alluvium show as much as 15 feet
of indistinetly stratified fine-pebbly coarse sand and
some medium sand, which is relatively homogeneous
except for a foot or so of silty sand at the top which
may be younger lake sand. The pebbles are gneissic,
granitic, and voleanic rocks similar to those in the
present bed of the Carson River. The alluvium bears
the Toyeh soil, attesting to its pre-Fallon age.

Many local exposures of Carson River channel sand
of probable Turupah age have been found in drainage
canal banks. The lowest is at the bottom of the Carson
Lake drainage canal, at the quarter-section corner be-
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tween secs, 32 and 33, T. 18 N., R. 29 E. (section 48,
table 10). Here 214 feet of pebbly coarse sand con-
taining pebbles to 14 inch in dismeter is exposed above
water level; the altitude of the upper contact is about
8,913 feet.

DISCONFORMITY COEVAL WITH THE TURUPAR FORMATION;
EVIDENCE OF COMPLETE LAKE DESICCATION

The disconformity of Turupah age is particularly
widespread in the basin interior. It has been observed
as low as 8,875 feet along the southern margin of Carson
Sink. Its deflation features and their effect on the
upper contect of the Sehoo have been discussed above.
That the Carson Desert was at least ag dry as now for
long periods is shown by the amount of deflation in
the low aress. Even where marked erosion is not evi-
dent, subaerial exposure is manifest by soil develop-
ment, mud cracks, clastic dikes, and plant remains.
Probably complete lake disiccation during Turupah
time also is indicated by the minimum altitudes reached
by the Turupah formation—3,875 feet for eolian sand
and below 8,910 feet for alluvium.

FOBSILA

Two collections of bones from coyote( ¢) coprolites in
eolian sand of the Turupah, from the east shore of
S-Line Reservoir and from 1 mile northwest of Harmon
School, were examined by H. W. Stetzer, U.S. Geo-
logical Survey, who identified the following genera of
rodents: Reithrodontomys (harvest mouse), Citellus
(ground squirrel), and Sylvilagus (cottontail and allied
rabbits).

TOYEH SOIL

S8TRATIGRAPHIC RELATIONS AND OCCURRENCE

Overlying the Turupah formation is a soil that has a
moderately developed profile. It is called the Toyeh
soil, after Mount Toyeh, an old name for Rattlesnake
Hill, which is near its type locality. Typically it is a
Gray Desert soil, although in relatively saline locations
it grades toward a Solonchak or Solonetz soil. The
Toyeh soil is considered to mark the top of the Pleisto-
cene deposits in this area (Morrison and others, 1957, p.
890; Morrison, 1961d).

The Toyeh is the most widely distributed soil in the
area. It is not only widespread on the lowlands—to at
least as low as 3,890 feet—but also is nearly the only
soil in the highlands below the highest shoreline of the
early Sehoo lake, because the Churchill and Cocoon
soils generally have been either eroded or buried by
younger sediment. Tt also is widespread above this
shoreline. This soil is considerably weaker than the
Cocoon and Churchill soils, but is much more strongly
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developed than the soils of Eetza, Sehoo, or Fallon age,
and is one of the most useful stratigraphic markers.
Tt is not evident on relicts of the Cocoon and Churchill
soils, because it is masked by the stronger development
of the older soils.

Type locality~—The type locality of the Toyeh soil
is the site of soil profile section 16S and stratigraphic
section 16 (tables 11 and 10, in the bluff on the east side
of a wash about 14 mile east of the northeast corner of
the S-Line Reservoir, Tle soil is on eolian sand of the
Turupah formation and is buried by a few feet of
younger eolian sand. The very top of the soil appears
eroded here but an examnple of the full profile can be
seen at the site of stratigraphic section 32 (table 10)
and soil profile section 32 (table 11), which is typical
of relict occurrences on the Sehoo formation above the
late Sehoo lake.

PROFILE CHARACTERISTICRE

The Toyeh soil differs from the Churchill and Cocoon
soils by heing considerably thinner, less strongly de-
veloped, and by having less sharply differentiated hori-
zons. Its full thickness is generally about 10 to 14
inches in sand and gravelly sand, but it ranges from as
much as 20 inches in gravel to as little ag 8 inches in
clay. At its top is a vesicular (A) horizon; beneath
this an oxide (B) horizon, and a horizon of calcium
carbonate accumulation (C..) (fig. 80, B, ). The
oxide and calcareous horizons overlap gradationally;
clay and oxide accumulation is greatest at the top, and
caleiumy carbonate accumulation greatest below. The
full profile of this soil is preserved more commonly
than that of the older soils.

The profile varies more with variations in parent ma-
terial and other local environmental factors than do the
Churchill and Cocoon soils, not only in total thickness,
but also in details of the B and C,, horizons. For ex-
ample, the B horizon is weakly developed in clean
gravel, but well developed in silty or clayey sand and
gravel, where fines were available for illuviation; the
Cea horizon obviously is best developed in caleareous
sediment. The following general horizon descriptions
refer only to locations that are relatively flat and well
drained, where the soil is relatively uneroded, and
where it developed on sand or gravel.

A lag-gravel layer about one pebble thick veneers
this soil where gravel is present in the underlying sedi-
ment, but with a decrease in abundance of pebbles in
the parent material the lag gravel becomes discontinu-
ous. The lag gravel is believed to be cogenetic with the
soil. In some locations younger drift sand partly cov-
ers the lag gravel. Desert varnish is sparingly devel-
oped on the outer surfaces of the andesitic and basaltic
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pebbles of the lag gravel—somewhat less than on relict
oceurrences of the Churchill and Cocoon soils,

The vesicular (A) horizon, characteristic of the top
part of the profile of Gray Desert soils, is relatively well
developed in the Toyeh soil. Tt underlies the lag gravel
or merges with the lower part of it. Tt is generally 214
to 314 inches thick, and is white, very pale brown, light
gray, or pale pinkish gray (10¥7% 8/2, 8/3, 7/3, 7/2 to
75YR 8/2 and 7/2), and characteristically consists
mostly of silt and silty sand; even on gravelly parent
material and where overlain by lag gravel it contains
few pebbles. It generally is somewhat calcareons. It
has an almost frothy appearance owing to many small
round bubbles or vesicles, which range in diameter from
less than 1%, to rarely more than 14 inch. Soil strue-
ture is weak to moderate medium to coarse columnar
and commonly also weak medium platy. Consistence
is slightly hard to hard, friable, harsh, and floury.

The oxide (B) lLorizon has an abrupt boundary with
the vesicular horizon. It generally is 4 to 5 inches thick
and is light brownish gray (10Y2Z2 6/2), pale brown
(10Y R 6/8), to locally brown (10¥E 5/3) or grayish
brown (10¥%E 5/2), commonly grading somewhat
lighter downward. Texture is approximately that of
the parent material, although megascopic appearance
suggests slight illuviation of clay and silt, which de-
creases downward., The available mechanical analyses,
however, show no significant concentration of clay and
gilt. Generally at the top is a parting less than 1f inch
thick, more clayey, more highly aggregated, and more
friable than material below. Structure is weak coarse
granular to weak coarse prismatic or columnar; eon-
sistence, slightly hard to hard. Calcium earbonate gen-
erally is nearly completely leached from the upper part
of the horizon, but inereases gradually downward, and
the boundary with the C., horizon is gradual to diffuse,

The caleareous (Ce,) horizon is less sharply defined
than the other horizons and also varies more in thick-
ness. It commonly ranges from 6 to 14 inches in thick-
ness, is light gray to pale brown, light brownish gray, or
pinkish gray (10¥R 7/2,6/1,6/2, 6/8 and T.5F R 6/2),
and commonly is mottled with whitish spots and streaks
of caleium carbonate. Cementation by caleium carbon-
ate is very weak to moderate; consequently the struc-
ture varies from nearly single grain to weak coarse
granular to weak coarse subangular blocky, and con-
sistence from nearly loose, to soft, to hard. The caleium
carbonate concentration generally is so moderate that
13113 C.. horizon is inconspicuous in fresh exposures. In

- weathered exposures, however, the horizon shows as a
~/:somewhat resistant pale-gray to white band (fig. 30D),
: ""'-b"-?ﬂ;FSB the lime is concentrated at the surface by efflor-

' ce. This commonly makes the Toyeh soil a better

stratigraphic marker than its true degree of develop-
ment would warrant.

Modification of the soil profile with stratigraphic
occurrence.—~The Toyeh soil has everywhere a similar
profile, but it naturally shows somewhat greater de-
velopment where the surface was exposed and stable for
long intervals before or after the Toyeh interval. Such
extended intervals of exposure had more discernible
effect on this soil than similar intervals had on the
Churchill and Cocoon soils, becansge the Toyeh soil is the
least strongly developed of the three. The difference
in development is most evident in comparing buried
occurrences of the soil on the Turupah formation with
relict occurrences on the dendritic member of the Sehoo
or older units, becanse the latter had additional incre-
ments of weak soil development during the Harmon
School and L-Drain soil intervals.

Variation toward Solonchak and Solonsts sotls.—
Locally in the lowlands the Toyeh soil formed on saline
silt or elay of the Sehoo formation, or where poor drain-
age has caused salt and alkali accumulation. In such
places its profile varies toward a Solonchak or Solonetz
soil, rather than the typical Gray Desert soil type. The
vesicular horizon generally is lacking; instead, the A
horizon consists of a light-gray (about 25F 7/2),
highly saline, surface erust about i inch thick, and
an underlying layer, one-half to several inches thiclk,
of light-gray to gray to grayish-brown (about 2.5F
7/2 to 5/2) highly flocculated {(aggregated) clay loam
or clay having a strong fine granular structure and loose
to flufly consistence. The B horizon commonly is
darker than in the Gray Desert soil facies—light brown-
ish gray, grayish brown, to dark grayish brown (about
10Y % or 2.5F 6/2 to 4/2); it is moderately compact,
and has a structure ranging from strong columnar
{ Solonetz soil) to granular (Solonchak soil). The C..
horizon generally is telescoped to less than 9 inches
thick, as usual on impermeable parent material—

Jbut the caleium carbonate cementation is correspond-

ingly stronger than normal,

FATLON FORMATION

GENERAL FYEATURES

The Fallon formation consists of subaerinl and shal-
low-like sediments of Recent age directly overlying
the Turupah formation and the Toyeh soil. Tt was
named {(Morrison, 1961a) after Fallon, near which it is
extensively exposed. This formation is thinner and
smaller in volume than the Lahontan Valley group, yet
is more widely exposed. Tt is the dominant unit in the
lowlands and is widespread in the highlands except in
the steeper parts of the mountains.
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This formation, though mapped as a unit, has gener-
ally been subdivided in stratigraphic sections. Its sedi-
ments have been studied in special detail because of the
perfection of its record of Recent lake fluctustions in
the Carson Desert. This record reflects the Recent

Frouyre 32.—TFallon formation disconformable on Sehoo formation; the disconformity represents the time of the Turmpah formation,
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climatic changes in the region because the Carson Des-
ert is the terminus for the principal and most repre-
sentative drainage basin.

The Fallon formation is subdivided into two mem-
bers, lower and upper (fig. 32), in stratigraphic sections

Top

134 feet is lacustrine silt and sand of upper member of the Fallon formation {Qfu); next 2 feet ia carbonaceous silty clay of the Iower
member of the Fallon (Qfl) with ash partings at top and botfom ; remaining 5% feet to water line is ¢lay of the dendritic and lower
members of the Sehoo {Qsc); Stillwater Slough ot Kent Ranch, SWi{ see, 8, T, 18 N, R. 31 Il. ; water level about 3,885-3,890 feet altitnde.

at altitudes below or only slightly above the highest
shores of the Fallon lnkes. Both members consist of
shallow-lake sediments and intertonguing subaerial
sediments. The entirely subaerial sediments at higher
altitudes are not subdivided.

LOWER MEMBER

The lower member is the thicker. It includes sand,
silt, clay, gravel, and tufa of the first two lakes (lake
eycles) of Fallon time, Fallon lakes 1 and 2, whose
maximums were at altitudes of about 3,948 and 3,930
feet, respectively. It also includes-alluvium and eolian
sand, which were deposited partly during the lake cycles
and partly during intervening and succeeding intervals
of lalke recession. This member is differentiated only
below the highest level of the first lake, except for the
allnvium and eolian sand that intertongue with the lake
sediments and locally can be traced higher,

The type locality is the Fallon Naval Aunxiliary Air

Station reservation (as of 1950—not as subsequently
enlarged), secs. 14, 15, 22, and 23, T. 18 N, R. 29 E.
The plain on which the station is located is a com-
pound delta of the Carson River that was built into
the first and second Fallon lakes. Sections 18, 22b,
23, 35, 37, 47, and 48 (table 10) illustrate typical lithol-
ogy and stratigraphic relations of the member.

The lower member conformably overlies the Toyeh
soil, except locally where the soll was eroded by wave
action of the first Fallon lake, This soil is a relatively
conspicuouns and easily traceable marker for the lower
boundary. The upper boundary lies at the top of the
second Interlake unit of the Fallon formation (table
7). Theé L-Drain soil locally represents this unit, but
this weak soil is a poor marker.

UPFER MEMBER

The upper member consists of late Recent to present-
day intertonguning subaerial and shallow-lake sedi-
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ments that overlie but are very similar to those of the
lower member. They record at least three very shal-
low lake cycles, called the third, fourth, and fifth Fal-
lon lakes, separated and followed by virtually complete
desiceation. This member is differentiated only helow
(and locally slightly above) the highest level of the
third Fallon lake—altitude about 3,922 feet in the Car-
son Lake area and about 3,915 feet in the rest of the
basin, ’

The type locality is the Raymond Cushman Ranch,
in secs, 28, 29, and 33, T. 18 N,, R. 29 . The member
here consists of lake sand that was deposited in a small
delta of the Carson River at the high shore of the third
Fallon lake.

LAEKE AND INTERLAKE UNITS

Both members commonly are further subdivided in
stratigraphic sections into lake and interlake units on
the basis of their intertonguing units of subaerial and
lacustrine sediments, and this stratigraphy is summar-
ized in table 7. Morrison and others (1957, p. 388-
390) have pointed out the posssible utility of these
units in recording Recent climatic history and subdivi-
sions of Recent time in the Lake Lahontan area.

EQLIAN SAND

Distribution.—Eolian sand is one of the most widely
distributed sediments of the Fallon formation. It
ranges from tiny sand drifts a few inches thick to
extensive dune complexes (ergs) many square miles
in area and locally more than 50 feet thick. Its dis-
tribution is controlled by the locations of source
areas—chiefly expanses of sand of the Wyemaha and
Sehoo formations—by direction and amount of wind
transport, and by local topography which favors
deposition.

This sand underlies at least one-fifth of the north-
ern and western lowlands, and more than half of large
parts of this area. It was not mapped in the Fallon
and Soda Lake quadrangles, in order to simplify map
patterns, and it is even more extensive than the geo-
logic maps of the Carson Lake and Stillwater quad-
rangles show, because large tracts are drift sheets too
thin to be mapped. Few places in the lowlands are
free from it, for almost every shrub lodges some drift
sand, but it is rare on Carson Sink and the other playa
flats because these bare expanses favor deflation and
transport, not lodgement, of sand. It also is scarce in
the Carson Lake and Stillwater Lakes areas because
the sand was stopped by peripheral vegetation, even
when the lakes were dry.

TABLE T,—Subdivisions of the Fallon formation
[Chart showing general summary is given below; detailed description follows chart]

Altitude of highest lnke | Altitude of lowest ident-
level (3 feet) fied recession level (fect}
Subdivision Solls
Carson Northern | ' Carson Nertharn
Lake area aren Lake nrea area
________________ 3,908 3, 865
Young lake and interlake 3, 919 3,890 ||
anit. el 3,910 3, B65?
Upper 3, 918 3,905 | _|eeeae
member, |—M8M8M | |l ____ 3, 910 3, 8657
Fallon for- Third lake unit 3,922 3,915 ||
mation. - -
Lower Second interlake unit .. __|-___._.. 3, 910 3, 8657 }L-Dra.in s0il
member. | Second lake unit 3,930 | 3,930 {ennn]meme oo
First interlake unit [ ____|-______. 3,910 3, 900
First lake unit 3,948 | 3,948 ||
}Toyeh soil
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TaBLE 7.—Subdivisions of the Fallon formation—Continued

Mem-
‘ber

Unit

Definition and {ype locality

Lake history recorded

Sediments and shore fentures

Upper member

Young lake and interlake unit

Youngest part of Fallon for-
mation, includes present-
day deposits and overlies
third lake unit. Contains
very shallow lake sedi-
ments {probably 2 main
tongues in Carson Lake
aren representing fourth
and fitth Fallon lakes, and
2 or more tongues in north-
arn area) and intertonguing
and coeval alluvium and
eolian sand.

Type locality: Lowermost of
two gmall gravel bars at
base of Wildeat scarp,
NWY¥ sec. 3, T. 16 N, R,
29 E., (fgz. 33} which marks
highest (congruent) shore-
lines of both lakes in
Carson Lake area, T

Third lake unit

Third youngest lacustrine
tongue in Fallon forma-
tion: lake sand, silt, clay,
local lake gravel and tufa;
also coeval alluvial sand
and silt.

Type locality: Uppermost of
two small bars at base of
Wildeat scarp north of
White Throne Mountain,
NW see. 3, T. 16 N, R.
29 B. (fig. 33). This bar
marks highest shore of
tlrird Fallon lake,

In Carson Lake area, fourth

and fifth Fallon Lalkes,
maximums (congruent}
3,919 ft; also preceding,
intervening, and follow-
ing desiccation intervals.
Carson Lake probably
overflowed to northern
area via Stillwater Slough
during both maximums.
History in northern area
less certain because of
correlation difficulties;
probablv several very
smail - lake cycles; two
main maxima at about
3,905 and 3,890 ft, Last
maximums in both areas
occurred about 1862 A.
D. See text for river
history.

Widespread on river flood plain and below high shore

of fourth Fallon lake; from a knife edge to about
10 f4 thick; thickest in alluvial channels, deltas
and bars. Loke sediments generaily differentiated
only in high-shore zone; here mostly Ane sand and
silt, loecally medium sand and clay, rarely fine
gravel and pebbly sand; offshore sediments, silt,
and silty clay, generally very carbonaceous, gray to
black. High shorelines only locally discernible,
marked by small deltas, rare bars, and local tiny
terraces bordering dunes and deflation basins.
Deltas, mainty fine sand and silt, oceur in sec. 4,
T. 17 N., R, 20 E.; N#2 T. 19 N. and 8% T. 20 N,
R. 30 E,; and at present river mouth at south edge
of Carson 3ink. Tiny discontinuous bars of fine
pebbly sand and fine gravel along base of Wildeat
scarp north of White Throne and Bunejug Moun-
taing, A 2-in. to 1-ft bed of lacustrine silt, prob-
ably of wvoleanic origin ond coeval with the
3,005-ft maximumn, is widespread between Indian
Lakes and northern Stillwater Lakes. Alluvium
in former Carson River channels is mainly fine and
medium sand, comnmonly somewhat pebbly above
3,920 £t; pebbles rarely exceed 1 in. diameter above
4,000 ft, and half an inch below 8960 ft. Inter-
channe]l alluvimin is mainly silt, locally sand and
clay., FEolian sand is common, occurs even in
central Carson Sink. No diseernible soil develop-
ment.

Third Fallon lake.

In Car-
son Lake area, maximumn
was at an altitude of
about 3,922 ft, when this
lake overflowed to north-
ern area. In northern
area, maximum was about
3,015 ft and anproxi-
mately coeval with that
in Carson Lake area, hut
possibly slightly earlier
or later.

Lake and alluvial sediments closely resemble those of

young lake and interlake unit in lthology, distri-
bution, and thickness. Lake sediments, however,
generally are very rich in caleium carbonate, and
small gray tufa nodules are locally common;
lithoid tufa as much as ¥¢ in. thick locally encrusts
pebbles, cobbles, boulders, and stone artifacts,
particularly along south and east edges of Carson
Lake (fig. 24); mussel shells (Anodonta califor-.
ntensis) are abundant in places in high-shore zone.
Sections illustrating this unit are Nos. 48 and 49
(table 10). High shoreline only locally dis-
cernible, marked by three compound deltas of
Carson River, rare small bars, and tiny terraces -
bordering dunes and defation basins. Deltas are
muinly fine sand, some medium sand and silt, all
graded approximately to Iigh shore; deltas in three
localities: (1) secs. 26, 27, and 33, T. 18 N., R. 29
K., secs, 7 and 8, T. 17 N., R. 29 I, and sec. 13,
T. 17 N.,, R. 28 E.; (2) NWi T. 19 N., R. 30 E.;
(3) Carson River valley near Wolf Diversion Dam,
sec. 21, T. 20 N, R. 29 . Tiny bars of fine pebbly
sand and fine gravel oceur diseontinuously along
base of Wildeat searp near White Throne and
Bunejug Mountains, and very rarely on the deltas
(for example, in see. 33, T. 19 N., R. 29 E.).
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TaBLE 7.—Subdivisions of the Fallon formation—Continued

Lower member

Unit Definition and type locality Lake history recorded Sediments and shore features

Second youngest interlacus- | Second youngest lake reces- | Sediments generally differentiated only where over-
trine tongue of Fallon for- sion of Fallon time, to at lain by lake sediments of third lake unit; sparse;
mation, intermediate in least as low as 3,910 ft less than 1 to rarely 5 ft thick, Chief occurrences
age between the first and in Carson Lake area and are: (a) The delta at the type locality, where
second lake units: eolian 3,880 ft in northern area; alluvial and lake sand and silt overlie clay of the
sand, alluvium, and very probahbly desiccation was second lake unit and are overlain by silt, clay, and
shallow lake sediments; ap- complete at times, par- sand of the third lake unit; delta is graded to a

= proximately coeval with ticularly in northern area. 3,911-3,915 it shoreline, that is, close to present
g the L-Drain soil. level of Carson Lake; (b) east and south shores of
" Type locality: Greenhead Carson Lake to base of Wildcat scarp, where there
o uck Ciub, sec. 9, T. 17 is eolian sand as low as 3,912 ft, alluvium down to
= N., R. 29 E. about 3,918 ft (example, S} sec. 29, T, 17 N,, R.
& 30 E.), also stone artifacts (manos, metates, point
A chips, and others) at several open archaeological
o gites, which rest on lake sediments of second lake
g unit and enerusted with tufa of the third lake unit,
2 as low as 3,910 £t altitude; (¢) vicinity of Stillwater
w Slough (eolian sand as low as 3,910 ft); (d) eastern
Stillwater quadrangle west of Stillwater Lakes
(eolian sand as low as 3,880 ft). Section 49 (table
10) illustrates this unit. Locally the unit is
represented by a disconformity, recording weak
eolian erosion and small-scale gullying (for example,
along Wildcat scarp); the L-Drain soil is approxi-
mately coeval.

Second youngest lacustrine | Sccond Fallon lake. Maxi- | Relatively widespread below second lake high shore;
tongue of Fallon forma- mum altitude about 3,930 less than 1 to rarely 6 ft thick. Lake sediments:
tion: lake sand, silt, clay, ft; recessional stillstand sand mainly in high-shore zone, 3,930 to 3,925 f{,
minor amounts of gravel at about 3,927 ft. See especially on deltas and in dune areas; gravelly
and tufa; also coeval al- text for river history. sand and gravel only in local high-shore bars near
luvial sand; intermediate mountains; silt and clay widespread offshore and
in age between first and locally present even in high-shore zone; tufa rare.
second interlake units, Allyvial and fine pebbly sand of former river

Type locality: Flat south- channels in many remnants on river flood piain and
west of Eetza Mountain deltas. Representative stratigraphic sections are;
(northwest of Turupah 18, 24, 28, 29, 35, 47, and 48 (table 10),

Flat), 8W¥ sec. 20, Nl Highest shoreline weakly developed, though most
- sec, 32, N'W¥% see. 33, T. prominent of Fallon age; is generally at an altitude
k= 18 N,,R.30 E. Lakesand of 3,930+ 3 ft, but between Sehoo Mountain and
= and silt of the unit are here Stillwater Point Reservoir it descends as low as
=1 prominent, 3,020 ft, presumably because of looal deformation.
8 High-shore zone is marked by deltas, rare bars, and
o particularly by shore terraces and swaths bordering
) deflation basins and dunes. Main delta is in E}
3 T, 19 N., R, 29 B,, overlapping northeast side of
w the east delta of the first lake; another delta
Inay exist in area of the west delta of the first lake,
T.18 N, R. 28 E. Bars are most prominent along
northwest margin of Bass Flats; here they are fine
gravel, locally 100 ft or more wide and %% to 4 ft
thick. Shore terraces are hest developed in belt of
dunes west of Bunejug and Lahontan Mountains,
N where dunes were beveled commonly 100 ff and
locally several hundred feet. Faint recessional
shoreline at altitude of about 3,927 fi, marked
mainly by selvage of dark-gray carbonaceous sand
and silt containing abundant snail shells and tufa

frapments.

Oldest interlacustrine tongue | First Fallon lake recession, | Rare, differentiated only where overlain by second
of Fallon formation, infer- to at least as low as lake unit; less than 1 to rarely 4 ft thick; locally
mediate in age betwgen altitude of 3,900 ft. absent and represented by disconformity. Folian

2 first and second lake units; sand occurs locally in dune belt west of Bunejug
= eolian sand and alluvium. and Lahontan Mountains, slong searp of Sagouspe
: Ty}ge loeality: Flat between fault zone, and elsewhere in Stillwater and Soda
e/ etza Mountain and Still- Lake quadrangles to at least as low as 3,900 ft;
= woter Siough, mainly sec. mostly fine-medium sand, some fine and some
& 20, T. 18 N,, R. 30 E. medium sand, practically no coarse sand and grit.
i Unit here is eolian sand, Alluvial sand and fine-pebbly sand, in former
g locally between lake sands Carson River channels, locally exposed in canals
B of first and second lake in northwest Carson Lake quadrangle, as low as
= units, A little alluvial sand and silt at

abont 3,910 ft,
Bass Flats in gullies older than the modern ones, as
low as 3,915 ft. Stratigraphic seetions illustrating
this unit are: 22b, 25, and 48 (table 10).
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TasLE T.—Subdivisions of the Fallon formation—Continued

B%em— Unit Definition and type locality Lake history recorded Bediments and shore featares
er
Lacustrine tongue in lowest | First and highest Fallon | Fairly widespread below high shere, Thickest,
part of Falion formation, lake, maximum altitude locally more than 3 ft, in alluvial channels, deltas,
directly overlying Toyeh about 3,948 ft, and where high-shore zome transgresses dunes;
soil: laké sand, silt, clay, elsewhere generally less than 3 ft and loeally absent;
and minor lake gravel, offshore deposits thickest, commonly 2 to 4, rarely
tufa, and voleanic ash; also 6 ft, near Carson Lalke, Stillwater Slough, and
coeval alluvial sand, southeastern Stillwater quadrangle. In high-shore
Type locality: North side of zone, at about 3,948-3,940 ft, mainly fine and
Turupah Flat, secs. 29, 33, medium sand, silty sand, and silt, local clay; rarely
34, and 35, T. 18 N., R. 30 fing-pebbly sand and fine gravel; commanly some-
E., at altitude of about what saline and alkaline. Below. 3,930 ft mostly
3,948 ft. Lake sund of the lake silt and clay, medium gray-brown to dark
unit here owverlies eolian brown-gray and black. HEast of Sagouspe fault
sand of Turupah forma- zone, south of Indian Lakes, and in Stillwater
tion and clay of Sehoo Lakes-Stillwater Slough area generally is clay and
formstion and is overlain silty clay, very dark gray-brown (about 10Y R 3/2)
by eoclian sand of Fallon to black, tough, and commonly contajning small
formation. white gypsum segregations; near Stillwater Slough
this clay commonly has one or two voleanie-ash
partings, 3 to 3 in. thick: a fairly persistent basal
one, pale gray to nearly black; and one more dis-
) continnous, within 3 in. of top of unit, light gray,
) = pinkish gray, tan, to nearly white. Alluvial sand
-g g oceurs in remnants of several former river channels
= @ cogenetic with the deltas, in the northwest quarter
=] - of Carson Lake and the northeast quarter of Fallon
& - quadrangles; medium to coarse sand, commonly
B 2] somewhat pebbly (pebbles to about ¥ to 1 in. di-
)3 i ameter). Illustrative stratigraphic sections are:

18, 22b, 24, 28, 29, 31, 35, and 37 (table 10).

High shoreline is only locally well marked by deltas,
terraces, and small bars; altitude 3,94843 ft;
no lower shorelines. Three sandy high-shore deltas,
practically continuous and probably approximately
coeval: one in sees. 26, 27, 34, 35, T. 18 N, R. 28 E,,
and secs, 3 and 4, T, 17 N,, R. 28 E.; another in
gees. 8, 18, and 19, T. 18 N,, R. 29 B.; another in
secs, 9 and 16, T. 18 N., R. 29 E. BSandy shore
terraces border dunes and deflation basing, most
prominent in dunes west of Bunejug and Lahontan
Mountains and bordering Turupah Flat, Rare
smgll bars of fine gravel and pebbly gravel at
8-Line Reservoir, bordering Bass Flats, and along
north edge of Lahontan Mountains. igh Shore-
line almost reaches lowest part of divide between
Turupah Fiat and Eightmile Flat, but lake ap-
parently did not overflow the divide {although a
little water may have seeped through); the divide
was blocked by dunes of Turupah age, no overflow
channel croeses it, and Eightmile Flat lacks the
3,948-ft shoreline.

In the highlands the chief deposits are in the saddles
where sands of the Sehoo and Wyemaha formations
are extensively exposed and into which the wind is
funnelled. The higher mountains in the map area gen-
erally are free of this sand, but a few miles to the
south they are extensively inundated by it, as at the
Blowsand Mountains.

Morphology—Eolian sand of even the older parts
of the Fallon formation is so young that original mor-
phologic features are largely preserved. Dunes and
other features have remained constant in type and
orientation and have migrated only locally. Sand

drifts characterize areas of moderate deposition, and
dunes those of strong deposition. Dunes are best devel-
oped—albeit discontinuously—in the Carson Desert
proper west of the Stillwater Lakes and the farming
ares; they also border Bass Flats, Eightmile Flat, and
the west side of Turupsh Flat. In these areas the
dunes are commonly 20 to 30 feet high and rarely as
much as 50 feet high. In the highlands sand drifts
prevail; well-developed dunes oceur only locally in pass
aress of maximum sand transport, such as Simpson
Pass Wyemaha Valley, and the pass between Rain-
bow Mountain and the Stillwater Range.
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Fach of the three main classes of dunes is present
(Smith, 1946, 1053): phytogenic, psammogenic, and
windshadow.

Phytogenic dunes, formed where the desert-shrub
vegetation has controlled the trapping of sand, are by
far the most prevalent. These include U-shaped,
V-shaped, Y-shaped, parabolic, and most longitudinal
dunes. They form where wind directions vary through
an appreciable arc, and are oriented in the result-
ant direction, the open end of the U facing into the
wind (the opposite of barchans); they are essen-
tially nonmigratory. Variants range from broad
forms (parabolic dunes) to narrow ones that are much
glongated in the resultant wind direction (longitudinal
dunes). This is the sole class of dunes in most of the
interior of the Carson Desert proper, where present-
day winds vary through at least 200° of arc, from
north-northeast to south-sontheast. Hers they are pre-
dominantly longitudinal dunes; their subparallel
ridges, oriented N, 70°-85° E. (mostly N, 75°-82° E.),
are dominant landscape features, commonly extending
unbroken for 1 mile, and rarely several miles. That
these dunes have been virtually fixed in their present
positions for several thousand years is shown by shore-
lines and shore deposits of the older Fallon lakes
against them, wherever they are at the altitudes of the
high levels of these lakes,

Psammogenic dunes develop when sand surfaces
‘themselves trap more sand, and include barchans and
transverse dunes. Such dunes are migratory and char-
acterize the few belts of most active eolian sand trans-
port and deposition, notably the 2-mile-wide belt along
the south edge of Carson Sink east of the Carson River.
Here the dune axes are oriented N, 80° E., the result-
ant wind direction.

Windshadow dunes occur locally where sand is
trapped by natural declivities. In the lowlands these
typically are the lee slopes of fault scarps, deflation
basins, stream valleys, and hills. Steep windward-
facing slopes locally have trapped some eolian sand
© (for example, at Rattlesnake ITill and Wildeat scarp
... west of the Bunejug Mountains).

At the edges of the lowlands and in the highlands
the dune axes commonly diverge from the prevailing
- east-northeast orientation in the interior of the Carson
Desert due to orographic deflection of wind currents.
5 _Lfﬁw_lagy.——This eolian sand is mostly fine and fine-
medmm sand but locally, in the lowlands, contains
.- considerable medium and coarse sand and even some
grit (14 to 1 mile southeast of Salt Wells, Battleground
' a_,:glg_i elsewhere along the south border of Carson
) Mgchanical analyses of typical coarse occur-
how two distinct maximums, one in the fine or
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fine-medium sand size and the other in the coarse sand
and grit size. Fragments of clay from the Sehoo for-
mation are locally incorporated in small proportions;
true clay dunes (lunettes) are absent. Very rarely
the sand consists of ostracode shells of the family Cy-
prididae, which make up drifts a few inches high in
the lee of wind-eroded ostracode-bearing clay of the
Sehoo formation (Russell, 1889, p. 289). Crossbed-
ding is characteristic in the lowldinds, owing to dune
development, but commonly is absent in the highlands.
The sand is cemented locally by calcium carbonate or
other salts, either deposited by efllorescence along the
shores of the lakes of Fallon time, or from mineralized
ground water (as on the northeast slope of Simpson
Puass),

Wind erosion features.—The deflation basing and
plains inherited from Turupah time were further de-
flated in Fallon time, but the distribution of Fallon lake
and eolian sediments within and about these features
shows that the younger deflation was minor compared
with the older. Yardangs and ventifacts of Fallon age
occur locally, mostly in the western lowlands, where
wind erosion of unconsolidated sediments has been espe-
cially severe.

Strongly deflated areas commonly have local deposits
of lag gravel, but true desert pavement is rare in the
lowlands owing to the scarcity of gravel. Generally
most or all of the lag gravel is tufa. This lag gravel is
the residue after wind removal of fine overlying sedi-
ments, and differs from that associated with the stronger
soils such as the Toyeh and Churchill soils; the latter
type originated from soil-forming processes and in-
variably overlies a vesicular soil horizon.

ALLUVIUM

Alluvium of the Fallon formation is of two types,
very different in occurrence and lithology : alluvium of
the highland washes, which occurs largely in the high-
lands and is mainly gravel and sand; and alluvium of
the Carson River, which is restricted to the lowlands
and is mainly sand and silt.

Alluvial gravel and sand of the highland washes—
Alluvial gravel and sand of the Fallon formation under-
lies the post-Lake Lahontan channels, flood plains, and
alluvial fans of the highland washes. In the mountains
and higher parts of the piedmonts these washes are
incised 10 to 30 feet, locally 60 feet, below the final ter-
races of Lake Lahontan, and have narrow flood plains.
The incised reaches die out downward near an altitude
of 4,100 feet, and the washes have built small alluvial
fans where they debouch upon the lower piedmont
slopes. Washes draining the Stillwater, Cocoon, Desert,
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and Dead Camel Mountains have the largest post-Lalke
Lahontan fans.

The slluvinm of highland washes resembles that of
late Sehoo-Indian Lakes age in the Indian Lakes
formation (p. 71), except that the former typically is
somewhat finer. From geomorphic and stratigraphic
relations, it can be subdivided locally into lower and
upper parts, that may be roughly correlative with the
lower and upper members of the Fallon. In general, the
lower part is thicker, somewhat coarser, and extends
farther from the mountains than the wpper part. The
most recent deposits have few large boulders. Drift
sand has locally encroached upon the earlier wash chan-
nels, partly or entirely blocking them (for example, in
the saddle between the Stillwater Range and Rainbow
Mountain, in the Simpson Pass area, and along Diamond
Field Jack Wash south of Bass Flats).

Alluvial sand and silt of the Carson River (Recent
flood plain) —Alluvium of the Fallon formation depo-
sited by the Carson River forms the Recent flood plain.
This alluvium is largely silt and some interbedded clay
and fine sand interlaced with narrow stringers of sand
and pebbly sand that represent bed deposits in former
channels of the river. It hasthe intricate structure and
heterogeneous lithology characteristic of such deposits.
The main channel fillings near Fallon are 100 to 400
feet wide, 10 to 20 feet thick, and mostly pebbly coarse
to medium sand, having pebbles commonly half an inch
and rarely 1 inch in diameter. Several miles farther
downstream the main channels have mostly medium
sand and some coarse sand containing a few pebbles,
mostly under 14 inch and rarely 14 inch in diameter.
The pebbles are granitic and gneissic rocks from the
Sierra Nevada and voleanic rocks from this and other
highlands. Low natural levees border the channels in
places. The channel sands commonly can be traced
downstream into deltaic sediments of particular lakes of
Fallon age. Most of the exposed interchannel alluvium
is in the upper member of the Fallon formation. This
alluvium is the most fertile of the basin-interior deposits
and underlies most of the farinland.

Above the apex of the west delta of the Iate Sehoo lake
in see. 30, T. 19°N,, R. 28 E., the Recent flood plain of
the Carson River lies in a valley half a mile wide
trenched 100 feet below the top of the middle Sehoo
delta at Lahontan Dam and 20 feet below this surface
¢ miles airline below the dam. Five miles west of Fal-
lon the flood plain is only 10 to 15 feet below the west
late Sehoo delta, and here it starts to fan out through
an arc of nearly 120° along a series of former channels
(pl. 11).

The broadened flood plain below the entrenched sec-
tion isin two parts. The main, southern, part lies south

of Rattlesnake Hill, and is shaped like a broad ragged
fan; it extends southeastward and eastward toward Car-
son Lake and Stillwater Slough, and eastward and
northeastward beyond Rattlesnake Hill to the Stillwater
Lakes. The other part lies along the present course of
the river northward to Carson Sink and is relatively
narrow and extremely irregular. In places in the
southern part, small erosional remnants of older depo-
sits rise above the modern flood plain. The depth of
dissection below the tops of these remnants decreases
downstream, from about 10 feet at an altitude of 3,970
feet, about 4 feet at 3,950 feet, to none below 3,920 feet.

The northern extension of the flood plain is 0.1 to
1.2 miles wide and is entrenched 12 to 15 feet below the
surface of the west delta of the late Sehoo lake as far
downstream as the main Sagouspe scarp. Below this
secarp it widens to more than 1 mile in a reach graded
to a small high-shore delta of the third Fallon lake at
an altitude of about 3,915 feet. Farther downstream
the flood plain spreads even more widely, commonly 2
miles or more, in areas interlaced through dunmes of
Turupah and Fallon age and erosional remnants of

" Sehoo formation. The alluvium exposed here is of late

Fallon age and is aggraded to deltas at altitudes of
about 3,905, 3,885, and 3,875-3,880 feet; the lowest is at
the mouth of the river on the south edge of Carson Sink.

COLLUVIUM

Colluvium of the Fallon formation is far too thin
and local to be mapped. TItisimostly slope-wash mantle,
derived by reworking of older creep mantle. Promin-
ent among the deposits are torrent levees along rill
channels on steep slopes; these levees consist of jumbles
of blocks 1 or 2 feet, locally 5 feet or more, thick., Lay-
ers of slope wash are interbedded with loess and midden
deposits in Hidden Cave (section 39, table 10) and other
caves.

LAKE SEDIMENTS AND SHORE FEATURES

General features.—The lake sediments of the Fallon
formation consist of sand, silt, and clay, and minor
amounts of gravel, tufa, and voleanic ash. They are
much thinner and more restricted in distribution than
those of the Lahontan Valley group, and shore features
associated with them are much less conspicuous. The
Fallon lakes were relatively shallow (20 to 85 feet maxi-
mum depth), small, and fleeting, having only feeble
wave action and longshore drift. The deposits and
shore features along the highest shoreline of each lake
are most conspicuous; transgressive and regressive
shorelines are little:in evidence. Mach lake was
shallower than its predecessor, so these high shores form
a concentric series, the younger shorelines inside the
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older ones; also the lake deposits and shore features
are successively thinner and weaker. Iven the older
stronger shorelines can be identified only locally by
mappable deposits or definite landforms (pls. 2, 11 and
table 7). In only a few places are these older shore-
lines deformed by faulting and warping.

Deltas of the Carson River—The Carson River built
a series of deltas on the west sides of the Fallon lakes;
they were generally graded to the high shores. The
deltasrange in gradient from 5 feet per mile east of Fal-
lon to less than 1 foot per mile in the lowest parts of the
basin; they do not have recognizable topset, foreset, and
bottomset beds. The highest shorelines generally are
poorly marked and the subaerial parts of the deltas
grade imperceptibly into the sublacustrine parts. Sub-
lacustrine distributary channels commonly are prom-
inent, in some cases extending 1 mile or more from the
shoreline (pl. 11). Typically they are very low ridges
{(whereas subaerial channels generally lie slightly below
the flood plain) and have widened, blunted ends.

The deltaic sediments are the most distinetive and
thickest shore deposits. They are mostly lake sand
associated with some silt and clay, and contain alluvial
sand in distributary channels. They are heterogeneous
in lithology and structure yet monotonous in general
aspect, having few marker horizons. The distributary
channels are mainly fine-gravelly coarse-to-medium
sand at the lake margins, grading to fine and medium
sand offshore ; commonly their sublacustrine parts have
natural levees of finer sand, grading outward to fine
sand, silt, and local clay in interchannel] areas.

Other shore deposits and features—Away from the
deltas the shore deposits and shore features generally
are so subdued that close study is needed to identify
them. Only the highest shorelines can be identified,
with one or two exceptions. Shore sediments are
mostly medium and fine sand, commonly quite silty,
locally silt and clay, and rarely (near the mountains)
gravelly sand and fine gravel. Carbonized plant matter,
mostly from tules, cattails, and other aquatic plants,
and contemporaneously deposited tufa in small nodules
or thin coatings oceur locally.

Typical shore features are shore swaths (veneers of
reworked or newly introduced sand or sandy silt), shore
terraces against dunes or scarps of unconsolidated sedi-
ment, and rare tiny bars and spits. The swaths range
in width from a few feet to several hundred feet, the
terraces from a few feet to 50 feet, and the bars from 20
0 100 feet, being generally only 2 or 3 feet, ravely 5 feet,
high. The older lakes built thicker shove deposits and
carved. more conspicuous shore features than the
Younger ones. Shores are smooth and unembayed in
Some areas but commonly are very irvegular, even

crenulate, particularly where the lakes flooded dune
areas. The shores of the younger lakes generally are
the most irregular, for they lie more in dune areas and
are least smoothed out by shore erosion (figs. 33, 84).

Offshore deposits—Ofishore sediments of individual
lake units are thin discontinuous beds of silt, silty clay,
and clay in light to dark shades of tan-gray, gray-tan,
brown, and black, Their prevailing tan or brown tint
distinguishes them from clay of the Sehoo formation,
which generally is greenish gray. They are commonly
2 to 4 feet thick on deltas, but elsewhere range from a
knife edge to rarely more than 1 or 2 feet in thickness.
The Carson Lake and Stillwater Lakes areas were
perennial sumps, and in their lower parts the Fallon
formation is almost entirely lake sediments, several feet
to locally more than 10 feet thick.

Although Carson Sink is now the lowest part of the
basin, it contains almost no lake sediments of Fallon
age except at the mouth of the Carson River. This
probably is because the river rarely drained directly to
the sink during Fallon time; also, any lake sediments
that were deposited tended to be removed by deflation.

FO88ILS

Firgt Fallon lake time—~—Four mollusk collections
from lake sediments of the first Fallon Lake unit,
determined by Joseph P. E. Morrison, U.S. Geological
Survey, contained the species listed in table 6. All these
species are aquatic and are still living in the Lake
Lahontan region.

The “32-inch midden™ layer in Hidden Cave (unit 5
in section 39, table 10), probably correlative with the
first Fallon lake unit, yielded plant, mammal, and bird
fossils. Most of this material probably was brought in
by Indians living in the cave. The mammal bones were
identified by S. B. Benson and staff, Museum of Verte-
brate Zoology, University of California, Berkeley, who
found the bones of one man (Homo sapiens) and the
follpwing :

Odocoileus hemionus (blacktail or mute deer, 1 individual)
Marmota flaviventer (yellow-bellied marmot, 1 individual)
Neotome sp. (wood rat, 1 individual)

Lepus californicus (black-tailed jackrabbit, 2 individuals)
Sylvilagus sp. (cottontaii or pigmy rabbit, 1 individual)

The plant remains from this bed, identified by H. L.
Mason, Annetta Carter, H. K. Sharsmith, Isabel
Tavares, and Calen Smith, Departmment of Botany, Uni-
versity of California, Berkeley, included the following
in approximate order of abundance:

Scirpus sp. (tule, predominant)
Typhe sp. {cattail)

Bleocharis sp. or Juncus sp. (rush)
Phragmites sp, {cane)
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Fallon formation

Qfs,, Qfgy, lake sand (locally some silt) and lake
grevel (fime gravel to pebbly sand}, of the young lake
and interlake unit; both locally underlain and for)
overlain by eolian sand of this unit. Gravel unit s
kighshore deposit of fourth and fifth Fallon lafes
and the type for the young lake and interiaie unil.

Qfsy, Qfgy, lake sand and gravel (fine gravel to pebbly
sand), respectively, of the third lake unit; locally
underlain and overlain by eolian sand of second in-
terlake and younger age. Gravel unit is high-ghore
depodiét of third Fallon lake and the iype jfor the
third lake unit.

Qfa, alluwiel gravel, sand, and sill, mosily of lale
Fallon age.

Qte, eolian sand of middle and late Fallon age; locally

L some intercalated lake sand

Recent

Y
QUATERNARY

DISCONFORMITY

i
i
2

Indian Lakes formation
Alluvial gravel of late Sehoo-Indian Lakes age. *As-
terisk indicates patches of conrse gravel, probably of
thiz age, that have been let down by erosion of under-
lying sediments because of reireat of Wildcat Scarp

DISCONFORMITY

Pleistocene
A

Lake clay and silt, some sand, of the dendritic and
- lower members
\__-—_ﬁ_’—_‘__-—-

Contact
Dasghed where approximately located

Sehoo formation J

s

7
FIGURE 33.—Geologic map of the type locality of the third lake unif, and of the young Inke and

interlake unit, of the Fallon formation, along Wildcat scarp north of White Throne Mouatains,
sees, 3 and 4, T. 16 N,, R. 29 E.
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Recent
A

L

Pleistocene

EXPLANATION

Disconformity

Disconformity

Fallon formation

Qfg,, Qfg,, Qfe,. lake grevel (fine gravel to pebbly
sand) of young lake and interlake unit and third
and second lake units, respectively.

Qfs,, Qfsy, Qfs,, Qfs,, lake sand (some stlt and local
interbedded eolian sand) of young lake and inferlake
unit and third, second, and first lake wnits, re-
spectively.

Qfsu, lake sand of upper member (young lake and
interlake and third lake unils, combined}.

Qfcu, lake silt and clay of wpper member.

Qfau, Qfa,, alluvial send ond gravel, some silt, of
upper member and of second lake unit, respectively.

Qfeu, eolian sand of upper member, locally with inter-
bedded lake sand

DISCONFORMITY

Sehoo formation
Qss, lake sand of the upper member.
Qsc, lake clay of the dendritic and lower members

e

Contact
Dashed where approximately located

~_

[T
Inferred, concealed fault
U, upthrown side; D, downthrown side

89

QUATERNARY

: ']_S‘IGUBE 34.—Geologic map showing relntions of various units of the Fallon formation along Wildeat searp southwest of Bunejug Mountains,
) 1 sec. 29 and 32, T. 17 N, and sec. 5, T. 16 N, R. 30 B,
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Oryzopsis hymenoides (ricegrass)

Panicum capillare (witchgrass)

Elymus triticoides (seeds, in pack-rat cache)
Apocynum 9p, (dogbane)

Populus sp. {cottonwood)

Artemisia sp. {sagebrush}

Sarcobatus sp. (greasewood)

Satiz sp. (willow)

Mussel shells, probably Anodonta californiensis, are
common.

Second Fallon lake time.—Six mollusk collections
from lake sediments of the second lake unit, determined
by Joseph P. E. Morrison, U.S, Geological Survey, con-
tained the clams and snails listed in table 6. These
species are all aquatic and are all still living in the lake
Lahontan region, except possibly (imcinnatic cf. C.
nlegra.

The top midden layer in Hidden Cave (unit 2 In
section 39 table 10), probably correlative with the sec-
ond Fallon lake unit, yielded bones of the following
vertebrates, also identified by S. B. Benson and staff,
University of California:

Urse sp. {black or grlzzly bear, 1 individual; and artifact)
Owvis cenadensis (mountain sheep, several individusls)
Lepug californicus (black-tailed jackrabbit, 6 individuals)
Tasidea tezus (hadger, 1 individual)

Odocoileus hemionus (blacktail or mule deer, 1 individual)
Vulpes macrolis (kit fox, 1 individual)

Marmota flaviventer (yellow-bellied marmot, 1 individual)
Citellus sp. (ground squirrel, 2 individuals)

Peromyscus sp. (whitefooted mouse, 1 individual)

Bird bones, identified by Hildegarde Howard, Los
Angeles County Museum, Los Angeles, Calif,, included:

Fulica sp. (coot, number of individuals unknown, identified
from artifacts only)

Aechmorphorus occidentalis (western grebe, 1 individual)
Duck, unidentified (1 individual)

This midden contains many fresh-water mussel shells,
probably Anodonta californiensis; it also yielded snake
and lizard vertebrae, both unidentified, and insect
wings, probably Cybister sp. Plant remains from this
layer, identified by H. L. Mason and staff, University
of California, Berkeley, included (in aproximate order
of abundance) :

Scirpus lacustris (tule, predominant)
Pypha sp. (cattail)

Juncus(?) sp. (rush)
Phragmites pragmites (cane)

P, commatnis (cane)

Distichlis stricia {saltgrass)
Other grasses, unidentified
Apocynum sp. {doghane}

Saliz sp. (willow)

Atriplex confertifolia (shadscale)
A. canescens {shadscale)
Sarcobatus sp. (greasewood)
Populus sp. (cottonwood)
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Artemdsia sp. (sagebrush)
Urtice sp. {nettle}
Aselepias sp. (milkkweed)

Third Fallon lgke time~TXive mollusk collections
from lake sediments of the third lake unit were deter-
mined by Joseph P. E. Morrison, U.S. Geological
Survey, as containing the species listed in table 6, All
these species are aquatic and are still living in the Lake
Lahontan region. The pelecypod Anodonta californi-
ensis is particularly abundant along the high shore of
the third Fallon lake in the Carson Lake area.

Late Fallon time—Mollusk shells tend to be coneen-
trated mostly along the high-shore zones of the fourth
and fifth Fallon lakes but in places are distributed over
the lake bottom. They are mostly concentrated in iso-
lated groups of similar individuals. In order of
decreasing abundance they are: Helisoma tenue cali-
forniense, Tusiform gastropods, Anodonia californien-
siz, and Sphasrium nobile. Nineteen collections of
mollusks from the young lake and interlake unit, includ-
ing three from modern sediments, were determined by
Joseph P. E. Morrison, U.S. Geological Survey, as the
species listed in table 6. All the species are aquatie,
and all still live in the Lake Lahontan region, except
Armiger crista and Lymnaea stagnalis. Both these
holarctic species indicate northern relations of their
fauna. This is the southernmost record, Recent or
Pleistocene, of Armiger ¢rista in North America, Ttis
living from Alaska to Wyoming to northern Indiana to
Maine.

Two collections of fish bones, from shores of the
fourth and fifth Fallon lakes, respectively, near the
south margin of Carson Sink, were identified by . H.
Dunkle, U.S. National Museum, as a salmonoid fish,
either Rhabdofario sp. or Salmo sp.

SOILS OF FALLON AGE
GENERAL FEATURES

The older sediments of the Fallon formation bear
wealr, though distinet, soils. Generally the soils are
relicts, recording all soil development from the time the
sediment was laid down to the present; buried soils are
comparatively rare. :

In the relict soils, the profile development increases
with age, being greatest on the first lake unit and nil
in modern sediments. The increase is not regular, how-
ever; it is barely perceptible between the first and second
lake umits, but obvious between the second and third
lake units. Soil development was thus most active
during the second interlake interval. The soil formed
during this interval is called the L-Drain soil; it is the
only soil of Fallon age well enongh developed to merit
formal designation.

The soils of Fallon age are so weak that difference:



welopment due to different local environments-—
+ material, drainage, slope, and salinity-com-
- are greater than differences due to age. These
iﬁh@fﬁf@zg do not especially aid in subdividing and
ating the parts of the formation.

I~DRAIN 50TI.

T,Drain soil is of middle Fallon age, approxi-
coeval with the second interlake unit, On pre-
deposits it is masked by the stronger Toyeh soil
chere that soil was eroded prior to middle Fallon
Normally it is a very weakly developed Gray
oil, but in poorly drained saline locations it
o n very weakly developed Solonchak soil.

pe loeality is the site of soil profile 368 (table
the drainage canal known as the “L" Drain,
of the northwest corner of the Fallon Auxil-
wal Adr Station (as of 1980), where the soil i
pon alluvial sand in a distributary channel in
vof the first Fallon lake (Ag. 35},

ot

LeDratn sofl, developed on alfiweinl ennd {(channel sand of
‘Biver} of frst lake unit of Falion formation, Top 2-
sestenler horizon, next 15 inekes 18 oxide and calenreous
boundary between ovide and cpleareous horizons is grada-
iﬁﬁsible in picture). Typs foeality for this seil, MWy
18 N, R. 20 B, 5,546 feet sititude, sse wmoll prefiie

!
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The profile of the L-Drain soll is weak compared
with the Toyeh soil, but stronger than in soil of late
Fallon age.

The upper 2 to 3 inches of the profile in the Gray
Desert facies is an incipiently developed vesicular hori-
zon, which is light gray (about 10YE 7/2) and has
wesk vesicular to weak granular and locally faint fo
weak coarse columnar structure. Texture varies from
loamy sand to fine sandy loam to silt, and consistence
generally is slightly hard. The base of the horizon gen-
erally is abrupt, but less so than that of the Toyeh soil.
Thishorizon is absent in the Solonchak facies.

This soil lacks true oxide and caleareous horizons,
though very slight oxide illuviation in the upper part
and very shight calcium carbonate aceumulation in the
lower part ars locally evident. The main evidence of
soil development is color echange. The soil is brown
to grayish brown (10F2& 5/8 to 5/2) to a depth of 10
to 16 inches, and grades through s diffuse irregular
boundary into lighter colored parent material. Struc-
ture is weak coarse granular to single grain, and con-
sistence is slightly hard to soft and nearly loose.

SGLL OF LATE FALLON AGE

Relict soil on the third lake unit of the Fallon for-
mation is characterized by slightly more brownish color
than the parent material, and also by slight induration
and development of a very weakly granular structure
to depths of 8 inches to I foot. Soil horizons are not
even weakly differentisted. Soil development on the
young lake and interlake unit is not discernible.

STRUCTURAL FEATURES OF LAHONTAN VALLEY ARD
FALLON AGE

GENERAL RELATIONS

Intermittent small-scale high-angle faulting has con-
tinued to the present. This late deformation has been
largely in the basins; the high shorelines of the Eetza,
early Sehoo, and middle Sehoo lakes seem devoid of
significant faulting or warping anywhere in the map
area.

The faults at the peripbery of the basins generally
patallel the local margin and many, like the Wildeat
fault zone (p. 91), are conspieuously arcuate. The
faults in the interior of the Carson Desert strike north-
west through north to northeast. Soine interior faults
limit grabens, which are bounded on the other side by
periphersl faults, Many of the larger faults are in
fault zone (p. 91), are conspicuously areuate. The
to a few feet, rarely more than 20 feet, but several fault
zones extend 3 to 12 miles. The fault traces are rarely
exposed, being generally buried by younger deposits.
The larger and more recent faults have prominent
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scarps, but even these generally are much modified by
later erosion and sedimentation. The faults are shown
by scarps, dislocated shorelines, abrupt changes in alti-
tude of beds, and springs and seeps (including deposits
of spring sinter and tufa). Most of these features gen-
erally are better seen on aerial photographs than on the
ground.

The more important faults active in Lahontan Valley
and Fallon time are discussed below. Magnetometer
and well data suggest that many, particularly the mar-
ginal faults, may be associated with larger buried faults
of post-Bunejug pre-Paiute age.

PRE-SEHOO FAULTS

Three pre-Sehoo faults are exposed in the Carson
Lake quadrangle: two in a gravel pit southwest of
BM 3949 at the northwest prong of the Bunejug Moun-
tains, and another on the ridge 214 miles south of the
same bench mark. The third is exposed in the gravel
pit shown in the southeast corner of the Fallon quad-
rangle. All are vertical faults of a few feet displace-
ment that cut the Hetza formation but not the overlying
Sehoo; all are downthrown on the basin sides.

There is indirect evidence of pre-Sehoo faulting in
several places along the margins of Salt Wells Basin.
On the pediment east of the Bunejug Mountains and
north of the Cocoon Mountains are many siliceous-
sinter-cemented remnants of eolian sand of the Wye-
maha formation (fig. 128), generally alined with faults
in the bedrock of the pediment. The opal cement was
deposited from water rising along the faults, but the
orifices became closed during Sehoo time and the
springs now are extinct. On the west margin of Four-
mile Flat, 2 miles north and immediately east of the
southeast corner of the Carson Lake quadrangle, eolian
sand of the Wyemaha lodged against a steep scarp that
probably was due to pre-Sehoo faulting. This scarp
has been accentuated by minor post-Sehoo faulting.

Considerable faulting took place in Wyemnaha time
near Upsal Hoghack. Only the inore important faults
are mapped, and generally the displacement of their
exposed parts followed the volcanism; notable is the
probable horst extending several miles southward from
Upsal Hogbacle (later buried by Sehoo formation, then
partly exhumed by deflation in Turupah time).

POST-SEHOO FAULTS
WILDCAT FAULT ZONE

The Wildcat fault zone is by far the largest of the
marginal faults at the south edge of the Carson Desert.
It extends about 12 miles in a great arc around the
south and east sides of Carson Lalke, changing about
325° in strike from about N. 45° W. in its west end

(north of the Desert Mountains), to about due west
along the north edge of the White Throne Mountains,
and through east to north along the west side of the
Bunejug Mountains, to about N. 10° W. at its northeast
end. It is named fromn the Wildcat freight station of
pioneer days, south of Carson Lake. A prominent
scarp, named Wildeat scarp, which is mainly of the
Sehoo formation, marks the zone; it ranges in height
from several feet at either end to 85 feet in its central
part. The scarp rises abruptly from the nearly level
Carson Lake plam, which has a drop of only 6 to 10
feet in the 14 to 2 miles from the scarp to the present
shore of Carson Lake. Detailed mapping of the Fallon
and older units along the scarp (shown partly in fig. 36
and pl. 12) indicates that shore erosion by the Fallon
lakes did not initially form the scarp—it merely caused
some modification and retreat of the scarp secondarily
after fanlting. The stratigraphy of the Fallon forma-
tion at Bass Flats and along the scarp northwest of
these flats reveals two principal episodes of post-Sehoo
faulting, during the first and second Fallon interlake
intervals, respectively. The faults are nowhere ex-
posed, but several are inferred from springs and seeps,
from local evidence of displacement of Sehoo forma-
tion, from exposures of this formation on both sides of
the faults, and from local secondary scarps (demon-
strably not caused by shore erosion}. For example, the
easternmost fault near the north end of the main mass
of Bunejug Mountains displaces the Sehoo about.5 feet
down on the west. Some of these faults lie close to the
main searp, others a quarter of a mile or more basin-
ward from it. More exact differentiation of these
faults and their displacements must await better
subsurface data.

OTHER MARGINAL FATULTS

On the piedmonts north of the Desert Mountains and
east of the Dead Camel Mountains is a series of en
echelon arcuate marginal faults that is essentially a
widened continuation of the Wildeat fault zone. These
faults partly control the long badland escarpment east
of the Dead Camel Mountains (though this escarpment
is mainly erosional, probably by deflation). Post-
Selioo displacements range from a few inches to a few
feet, and only the faults having the most displacement
are mapped. Generally the basin sides are down-
dropped, but locally the mountain sides are.

Post-Sehoo marginal faults are especially numerous
in Salt Wells Basin. An east-west fault on the pied-
mont north of Turupah Flaf, near Salt Wells, is in-
ferred from a deposit of siliceous sinter, evidently de-
posited about the orifice of an extinet artesian spring,
cementing sand and gravel of the Sehoo formation. On



¢ edge of Eightmile Flat are two large and sev-
]l northwestward-trending faults that displace
00 and Wyemaha formations 1 foot to several
These Taults seem to mainly antedate the exten-
aflation of this flat in Turupah time, but they
tes of minor surface breakage during the July 6,
arthquake. The low ridge separating Eightmile
rupah Flats is a horst defined by several small
rd- and northeastward-trending faults. On
side of Eightmile Flat are at least a dozen very
alts of similar trend that displace the Sehoo.
of them are fissurelike cracks of only a few
&isplacement, of which only the largest were
several saline seeps issue from the larger ones.
uth margin of Eightmile Flat is a west-north-
-d-trending fault zone containing two main
hat have been traced for 314 miles. They have
splacement of about 25 feet, down on the basin
gir scarps are almost completely mantled by
fid. Rock Springs may issue from a buried
his zone. This fault zone intérsects at a right
h a northward-trending zone at the west mar-
urmile Flat. The overall pattern of the fault-
gthat the entire Eightmile Flat-Fourmile Flat
“downfaulted in post-Sehoo time, Eightmile
‘tilted slightly to the southeast, and Fourmile
s the most depressed, particularly the salt flat
tral part.

SAGOUSPE FAULT ZONE

agouspe fault zone is the largest of the post-
ts in the interior of the Carson Desert. It is

STRUCTURAL FEATURES OF LAHONTAN VALLEY AND FALLON AGE

Fallon: {ormation
Mostly eolian sand; lake sand of lorwer
member locally at buse

Turupah formation

Sehoo formation, upper member
Mogtly lake sand; 5ilt and elay lenses Iocaly
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named from the Sagouspe diversion dam and canal,
and is marked by a scarp 12 to 30 feet high and about
8 miles long, extending N. of 40° W. to within about
814 miles of Upsal Hogback. The faults are generally
concealed by younger eolian sand and lake sediments,
but some are poorly exposed on the clay flat at the north
end of the zone. The most detailed information, how-
ever, has come from the Sagouspe irrigation canal, 1
mile east-northeast of Sagouspe Dam. Three of the
faults are exposed in the canal bed and two others have
been located by boreholes; several are downdropped 2
few feet on the northeast, the others on the southwest,
defining two small grabens and two horsts (fig. 36 shows
four of the faults in the southwestern part of the zone).
The main displacement seems to be by one or more in-
ferred fanlts on the northeast edge of the zone, ef-
fecting at least 10 feet net displacement that is down on
the northeast. All the faultsseem to be of the same age;
they postdate the early lithoid tufa of the upper membf%r
of the Sehoo formation and predate the lake sand of this
member, which filled the fault grabens. Evidently the
late Sehoo lake was barely at this level, however, and
the Carson River was flowing approximately its present
course, because the sand contains many small pebbles
similar to those in the bed of the Carson River today.
Probably the river was temporarily diverted into the
grabens, filling them with sediment.

To the southeast this fault zone passes beneath the
Carson River flood plain but it is known to extend at
least into sec. 25, T. 19 N., R. 29 E., associated with
small-scale grabens and horsts as at the Sagouspe canal,

EXFLANATION

wiig
-

Bt e -

Tayeh soil

l

Measured stratigraphic seetion

Sehoe formation, upper member
Early Hthoid {ufz

Sehoo formation, lower and dendritie
members
Lake clay

Wyemaha formation
Mastly bake sund, seme silt and <lay
partings

Eolian sand

”'_‘_{--:‘::_"“-—__—

Normal Fault
Daghed where approrimate

swW

100
1

Lorsni L

ben structure,
ﬁor the whole zone.

8

Hon through southwestern part of Sngouspe fault zome along Sagouspe eanal, NW14 sec. 3, T. 18 N, R. 20 E., show
Other faults farther east in thls fauit zone, but concealed, effect a net displacement of at least 10 feet, do

ing small-scanle

— 3040

[ 530

L 3624°

wn on



94

from boreholes and local exposures of Sehoo formation
in a drainage canal and in erosion remnants.

OTHER INTERIOR FAULTS

Post-Sehoo faults seem to be especially numerous in
the Stillwater Lakes area. The subdued topography of
this area consists of many low rideges and basing having

"5 to 15 feet of relief, which trend mainly N. 20°45°E.,
and, subordinately, approximately transverse to this
trend. The basins are mostly lakes, ponds, or marshes.
This topography is believed to reflect many small horsts
and grabens which are due to post-Sehoo faulting; the
whole area is virtually a foundered graben. The pre-
dominant trend of the topograplhy is about 80° from
that of deflation basins and sand dunes in the interior
of the Carson Desert, so it could not have been carved
by wind. Auger holes locally have proved offsets
of strata along the low scarps, but the fault patterns are
complex. The northwest side of this foundered graben
is vaguely defined by discontinuous scarps, several feet
to about 6 feet high, of N. 30°W. to N. 60°E. individual
trend, alined in a zone trending N. 20°E. from near
Stillwater almost to Carson Sink. Only the two most
definite of the concealed faults suggested by these scarps
are mapped. Here exposures and borveholes show that
clay of the Sehoo has been downthrown several feet on
the east; traverses with an airborne magnetometer also
showed a magnetic anomaly at the northern searp. An-
other fault zone limits the graben on the southeast,
mainly east of the map arvea. Extensive surface break-

age from the earthquake of Amng. 23, 1954, followed.

this zone and one small concealed fanlt in it is mapped
just east of Freeman Pond.

The Stillwater Lakes fault zone seems to extend
southwestward into the Carson Lake area, although
the young sediments in this part of the basin have con-
cealed most evidence of faulting. Buried faults, trend-
ing mainly northeast, are suggested by local seeps, a
subdued northeastward-trending topographic linearity,
several low scarps within 1 or 2 miles of either side
of Stillwater Slough, and small faults and nunerous
large cracks developed by the earthquakes of July-
August 1954,  The northwest edge of this zone
seems to follow approximately the 3,940-foot contour
line southeast of Fallon, passing several miles north of
Carson Lake. That the Carson Lake area itself has
been downfaulted or downwarped in post-Sehoo time
is suggested by the abrupt thickening of post-Sehoo
sediments near the lake and by downward displacement
of the clay of the Sehoo formation.
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At the south margin of Carson Sink a low scarp
trending N. 50° W., from sees. 10 to 13, T. 21 N., R.
29 B., marks a probable concealed fault. Several hore-
holes northeast of the scarp suggest that the Wyemaha-
Selioo contact is displaced a few feet down on the
northeast. Other northwest-trending faults may un-
derlie the dune complexes at Battleground (the penin-
sula just east of the river mouth) and at the next pe-
ninsula to the east, for extensive seepage zones, possibly
fed by water rising along faults, border the northeast
sides of those peninsulas.

A low scarp on the flood plain southwest of Fallon
indicates another concealed fault of Fallon age, trend-
ing north from sec. 34 to sec. 15, T. 18§ N., R. 28 E. The
scarp is mantled by eolian sand of the Fallon forma-
tion, and is downdropped on the east; and considerable
seepage, Probably artesian, issues along its base.

DISPLACEMENT OF SHORELINES

The post-Sehoo faulting has eaunsed almost no dis-
cernible displacement of shorelines. The larger faults
of this age are all basinward from the high shore of
the late Sehoo lake, except north and northeast of the
Lahontan Mountains, along the badland escarpment
east of the Dead Camel Mountains, and on the Carson
River delta where this shoreline generally is obscure
or eroded by deflation. These faults also either pre-
date or do not transect the higl shorelines of Fallon
age, except north and northeast of the Lahontan
Mountains.

In the trough northeast and east of Rainbow Moun-
tain the middle and late Sehoo high shorelines are
downdropped about 15 feet. The high shorelines of
the first and possibly the second Fallon lakes also may
be downdropped several feet here, but these shorelines
are poorly marked. North of the Lahontan Mountains
the high shoreline of the first I"allon lake appears un-
deformed, but that of the second Fallon lake, 14 to 2 .
miles farther basinward, is tilted, from an altitude of :
about 3,930 feet north of Eetza Mountain to about 3,920
feet north of Rainbow Mountain. No faulis associated
with the tilting have been identified.

POSSIBLE EXPLOSION CRATERS OF LATE FALLON AGE .
NEAR STILLWATER LAKES )

Northwest of Stillwater Lales, in the W14 sec. 29, T
21 N, R. 31 E., are two connected basins arranged lik
the southwest and northwest quadrants of a circle, the -
northeast one almost circular and 800 feet in diameter, -
and the southwest one elongate, 2,000 feet long and 1,000
feet wide. Both have 10- to 25-foot rims of clay of the :
Sehoo, capped by lake sediments of the Fallon forma-




and flat floors of lake silt of the upper member of
Trallon. The Sehoo formation commonly has a
outward dip. Voleanic rock ejecta are absent,
o basing are believed to be craters resulting from
1 voleanic or gaseons explosion, not only because
r peewliar form and orientation (unlike the defla-
asing in Hhe area), but alse because a light-colored
- ashy silt (presumed to be explosion debris) m
ine lake and interlake unif of the Fallon forma-
fable 7) thickens toward them, and attains its
st thickness, more than 2 feet, at the west edge of
hiwest basin,

EARTHQUARKES IN HISTORIC TIME

g earthquake shocks were felt in the sowthern
the Carson Desert in 1873, 1816, and 1932, and
nes 1n 1930 and 1949, but the epicenters of these
were outside the map area. These shocks opened
rthgnake cracks in restricted areas of the Car-
sert, particularly on the flat north of Wildeat
d in the southern part of Carson Sink near the
£ the Carson River (fig. 37).

2} enrthquakes that bad epicenters in the map
rred in July and August 1954. On July 6 two
olling shocks oceurred, 11 hours apart, separated
owed by minor tremors,  The first shock was at
, Pacific standard time, and had an epicenter
nal) at lat 39°23” N., long 118°32” W, (Perry
irector of Seismological Stations, TTniversity
ornia, Berkeley, written communication, July
; its intensity rating (estimated, modified
Intensity Scale of 1931) was IX at the epi-

lygonal earthqueke craeks in seutheen Carson Sink.

oreur locally in clay of Sehov formation east of the

e Carson River., ‘Tws geverations can be ssen, The

Het) was formed by tremors Prom the earfhguake of

119, whose epicenter wis near Verdi, Nev. Largest crack
}_?1 iz abput 8 inches wide. Baog, 33, T, 22 N, B. 50 B,

STRUCTURAL FEATURES OF LATIONTAN VALLEY AND TFALLON AGE

95

center and VIT to VIII in the Carson Desert-Lovelock
area (Cloud, 1956, p. 84, 83, 38) ; magnitude on the Gu-
tenberg-Richter scale was reported to be 6.8 by the Seis-
mological Laboratory at Pagadena (Cloud, 1956, p. 38)
and 63, by the Berkeley station (Seismological Soc.
Ameriea, 1954) ; felt area was about 130,000 squal®
miles {Cloud, 1956, p. %8}, The second main 5?1001{
oceurred at 2:08 pan., P.at., had about the same epicen-
ter, and was reported as magnitude 684 by Pasadena
and 614614 by Berkeley. The principal aftershocks
oceurred on July 8 (2 shocks: magnitudes 5, Pasadens,
and 51, Berleley), July 9 (magnitude 4.7, Pasadena),
July 30 (magnitude 514, Pasadena; 434, Berkley), and
Augnst 2 (magnitude 514514, Pasadena; 5%, Berie-
ley). (Data from Seismological Soc. America, 1954}
The July & earthquakes end aftershocks Pmdm"‘?d
surface breakage about 11 miles Jong and N, 12° K. 10
average trend, from U.8, Highway 50, 114 miles %_‘&St of
Salt Wells, thence along the east side of Rainbow
Mountain, thence across the flats to the north, ending at
the north side of Stillwater Point Reservoir (T(:;cher,
1956). The breakage occurred either in a single Ime 0¥
as a linear zone of breaks. For about a third of the
total length of the fault it showed as severe cracking
and no apparent displacerment, but along the remainder
it formed a vertieal scarp 1 to 12 inches high. The
west side went up relative to the sast side, except 11 &
secondary feult in the northern part of Rainbow Moun-
taln where the west side went down 1 o 2 inches; move~
ment, was entirely dip slip, The faulting along Rain-
bow Momntain appavently followed earlier faults '1.11 the
bedrock, partly those separating the basalt and dacite of
Rainbow Mountain and the Truckes formation, and
partly within the Truckee formation. Descriptions f}f
the ground breakage, property damage, intensity dis-
tribution and strong-motion seismograph results for
these quakes and those of August 23, 1954, have been
published by Tocher {1956), Steinbrugge and Moran
(1956), and Clond (1956). The greatest concentrad-
tion of severe damage to buildings, canals, and paved
highways in the Carson Desert proper is in a northeast-
ward-trending zone about 6 miles wide that passes
through Stillwater, thence about half way betweel
Fallon aud the north edge of Carson Lake, to the Lone
Tree School (Tocher, 1958). This damage probably
was due largely to heaving and lurching because of
unstable layers in the Quaternary fill of this areds
nevertheless the linear distribution coincides with the
sonthward extension of the Stiltwater Lakes faunlt zone
(p. 94) and might be due to minor veactivation of this
zone by the quakes. A geologist who checked groul
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disturbance in the area between and after the two main
shocks of July 6 {Norman Silberling, orsl communica-
tion, 1956} noted that most of the ground-disturbanece
features in the Stillwater—Lone Tree zone originated
with the first shock, but damage to U.S. Highway 50
east of Balt Wells did mot develop until the second
shock. Epicenter data are toc generalized to show
whether the epicenter of the first shock was actnally in
the Stillwater-Lone Tree zone and that of the second
along the east side of Rainbow Mountain, but this is a
possibility.

Another strong earthquake having about the same
epicenter occurred on August 28, 1954, at 9:51 pam.,
Pst. Tt was rated as the same magnitude as the first
July 6 shock (6.8 on the Gutenberg-Richter scale) and
was given the same maximum-mtensity rating, IX.
Felt area was 150,000 square miles. Surface breakage
lay mainly north of that of the July 6 guake; from the
north shore of Stillwater Point Reservoir into the alkali
flats sontheast of Carson Sink—about 12 miles—having
an average trend of K. 12° X.; some fresh dislocations
also took place in the northern part of the zone of break-
age of the July 6 quake. The breakage was as before—
partly a single crack and partly roughly paralle}
cracks in a zone as much as 1 mile wide; vertieal dis-
placements as great as 18 inches were entirely dip slip,
and the west side invariably was uplifted relative to the
east side. Property damage was slightly less severe
than from the July 6 shoclk, and in general was similar.
Again the greatest concentration of damage occurred

-in the Stillwater-Lone Tree zone, and commonly in the
same places affected by the first earthqualke.

According to the Fallon Eagle of August 25, 1954,
several seismologists believed that the epicenter of this
series of shocks was shallow, about 10 to 15 miles below
the surface; however, V. P, Gianella (written communi-
cation, July 22, 1954) believes that the nature of the
aftershocks indicated that the epicenter was deep seated.

GEOLOGIC HISTORY
TERTILARY HISTORY

The oldest rocks exposed, the basalt and dacite of
Rainbow Mountain, attest first to basaltic and andesitic
voleanism, possibly beginning in pre-Miocene time, ac-
companied by pervasive high-angle shearing and low-
grade hydrothermal alteration, and then, after the
most intense shearing, to deposition of several hun-
dred feet of dacitic lava. After an unknown time in-
terval, several hundred feet of rhiyolitic to dacitic lava
—the Eagles House rhyolite—was deposited near
Eagles House, in the White Throne Mountains, and in
the northeastern Desert Mountains.
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Beginning during the later part of the rhyolitic
voloanism, probably in early Pliosene time, the Truckee
formation was deposited. Its paleogeography is little
kngwn but the western part of the Great Basin prob-
ably was then at least two or three thousand feet lower
than now, the local relief may have been less and some
areas probably still drained to the oeean (Axelrod,
1950, p. 238-268; V. P. Gianella, oral communieation,
1948). The fossil flora and fauna show that the ¢limate
was semiarid temperate (Axelrod, 1950; Chaney, 1938;
Nolan, 1943, p. 169), having changed from the warm
wet, climate of the early Miocene becanse of moderate
uplifi of the Sierra Nevada. It now is known that the
sediments were laid down in several basins, which were
separate to varying degrees, rather than in a single huge
basin as King (1878) thought. The distribution of
lithofacies snggests that the basins were roughly con-
gruent with many of the present basins, but commonly
somewhat broader. {For example, most of the high-
lands adjoining the southern Carson Desert were cov-
ered with Truckee sediments.) The basins probably
were locally deepened by faulting during Truckee time,
but. deformation seems to have been subdued and erosion
and" sedimentation dominant during that time. The
pregent Carson Desert probably received especially
thiek deposits.

Some voleanic activity continued, however, for the
highly tuffaceous sediments attest to considerable con-
temporaneons voleanism. The large amount of pumice
in the White Throne Mountains probebly came fFom
a nearby explosive center. Yts dominantly stream-laid
tharacter suggests that the pumice was erupted in small
increments over a rather long interval, giving streams
ample opportunity to rework it. Minor coeval more
mafie voleanic activity is indicated by a few andesitia
and basaltic ejecta at several horizons in the Truckee
in the White Throne Mountains and by local mafie
tufl in the Stillwater Range.

As Truckee time progressed, drainage became better
integrated and the basing of deposition were gradually
enlarged by deposition and perhaps by capture. Inmid-
dle and late Truckee time the enlarged basins had local
lake-filled depressions in which sand, silt, clay, and
locally considerable dintomite and limestone were de-
posited. The flora attest to a moderately warm semi-
arid olimate {Axelrod, 1950, p. 241-248), and the fact
that the lake clay commeonly is saline and gypsiferouns
suggests semiaridity.

Mafic voleanism,, possibly coeval with and {or) fol
lowing the later Truckee, cceurred locally, depositing
as much as 400 feet of mainly andesitic and basaltic
lava—the lower part of the Bunejug formation—nota
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bly in the Bunejug and Cocoon Mountains. Contempo-
raneously much high-angle normal faulting took place.
This faulting created new highlands and basins and the
general outlines of the present topography began to
be defined, although the local relief was slight. Some
highlands were uplifted relatively early and much
eroded before the Bunejug formation was deposited,
so that in places a marked angular unconformity
- separates the Truckee and Bunejug. In the White
Throne Mountains an erosion surface of several hundred
feet of local relief was developed. In the interior of the
 Carson Desert sedimentation may have proceeded con-
tinnously from Truckee into Paiute and later time.
In late Bunejug time, probably late Pliocene though
perhaps earliest Pleistocene, the eruptions changed to
flows of olivine basalt of fairly constant composition.
Fissures were the principal vents, although many pipe-
like vents also were active. Faulting seems to have
largely died down, for the later lava flows are generally
conformable throughout and rarely display intradepo-
- sitional faulting. These flows were somewhat more ex-
- tensive than the earlier ones; although thinner, they
commonly inundated surfaces having several hundred
+ feet of local relief, filling in the depressions and form-
~ ing extensive lava fields. Some of the higher highlands
* . without vents were never covered, however, or were only
- thinly covered (namely the southeastern White Throne
Mountains and northeastern Lahontan Mountains).

QUATERNARY HISTORY
PRE-LAERKE LAHONTAN HISTORY

Only a vague outline of the earlier Quaternary his-
tory is known because post-Bunejug pre-Painte basin
sediments are not exposed ; some information has come
from gross geomorphic features preserved in the high-
lands, from geophysical data, and from logs of the few
wells that penetrate the deeper fill. This is supple-
mented by reconnaisance observations, including those
.of the writer, on deposits and landforms outside the
map area.

‘Biogeographic evidence suggests that in late Pliocene
and early Pleistocene time tlie valleys of the Great Basin
. ;_la.y close to sea level (Deevey, 1949, p. 1397--1398 ; Mil-

-ler, 1946, p. 43; Hubbs and Miller, 1948, p. 26). Drain-
2e probably was well integrated and possibly the Car-
son Desert area drained to the ocean. A postmature
resmn surface of several hundred feet local relief
ed in the highlands during the interval following
une]ub volcanism and before the active fau]tmw
05t~ -Bunejug-Paiute time.

G(i?ﬁd}l‘lg this interval of relative structural and
an1e qulescence, the Sierra Nevada-Great Basin re-

gion was uplifted. This uplift probably started in the
early Pleistocene, and by late middle Pleistocene time
the Great Basin had risen 3,000 to 5,000 feet to about
its present average altitude (Blackwelder, 1934b, p.
561-562; Ferguson, Muller, and Cathcart, 1953, 1954).

Major block faulting accompanied the uplift. The
principal displacements occurred during two climaxes
of faulting that were separated and followed by in-
tervals of relative structural quiescence. This faulting
is inferred to have further defined and uplifted blocks
that previously tended to be highlands and to have
further depressed the basins. It controlled the major
outlines and differential elevation of the main topo-
graphic nnits seen today in the area—the Carson Desert
itself, the side basins, and the mountain groups—lower-
ing the basins several thousand to locally about 4,000
feet relative to adjoining mountains. Together, the two
climaxes constituted the last principal period of basin-
and-range deformation. At the close of the second
climax the relief between mountains and basins was
greater than now, for in later Quaternary time erosion
and sedimentation outstripped the declining basin-and-
range deformation, so that the mountains were progres-
sively more and more worn down and the basins filled in
with sediment.

During these climaxes most of the faults visible today
were active, for many old faults were reactivated and
new ones created. Both climaxes were characterized
by high-angle normal faulting which trended mainly
northeast to northwest ; tilting and folding were minor
or absent. The principal displacement was at the boun-
daries between the present highlands and basins, where
horst mowntains and graben basins were formed, al-
though the interiors of both highlands and basins also
were much faulted in places.

Both climaxes of basin-and-range deformation initi-
ated intervals of accelerated erosion in the highlands
and deposition in the basins. The subdued post-Bune-

Jjug topography in the highlands quickly became dis-

sected following the first climax. During the relatively.
quiescent interval between the two climaxes, the moun-
tain valleys developed to early and middle maturity and
pediments formed. Afier the second climax the lower
parts of the mountain valleys were deepened. Subse-
quent, alluviation has largely buried the pediments.
During the first climax, drainage to the sea was inter-
rupted and the intermontane basins probably developed
internal drainage. As this climax waned drainage
tended to become reintegrated, only to be again dis-
rupted during the second climax. Since the later
climax, integration has gone on steadily, but at vary-
ing rates. It probably was most rapid during pre-
Lake Lahontan pluvial intervals. Basin capture prob-
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ably occurred both by normal stream capture and by
corrasion through divides by overflow of pre-Lake
Lahontan Quaternary lakes. The interbasin canyons
along the middle reaches of the principal rivers of the
Lake Lahontan bazsin probably originated, either in this
way or by superposition on early Pleistocens sediments,
during one or mare pluvial intervals that followed the
second climax of faulting. Chief among these canyons
are: Emigrant Canyon of the Humboldt River, above
Groleonda, Nev.; the canyon of the Truckee River be-
tween Washoe Meadows and Wadsworth; the canyon
of the Carson River between Dayton and Carson Val-
ley; Wilson Canyon, of the West Fork of the Walker
River, between Mason and Smith Valleys; and
Churchill Narrows {(an abandoned channel of tha
Walker River between Mason Valley and the valley of
the Carson River, near Weels, Nov.). All these can-
vons probably formed at about the same time, because
they nov are in about the same part of the mature stage
of erosion. They are clearly younger then the last
elimax of basin-and-range deformation, yet they were
in existence long before Lake Lahontan because most of
them contain alluvium, eolbwvium, and soil of pre-Lalke
Lahontan age and several, such as Emigrant Canyon
and the Truckes River canyen, contain sediments of
Take Lahontan,

Ewvidence of o pre-Lake Lakontan lake —A single ex-
posure of shore sediment at about 4,020 feet (p. 28)
records a pre-Liake Lahontan Quaternary lake, prob-
ably.of pre-Paiute age. The maximum level of this
lake is not known but is not likely to have been much
higher, for the bedrock foors of pre-Painte Quaternary
canyons along the middle courses of the Trackee, Car-
son, and Humboldt Rivers were graded to a base level
at least this low. The lake may have been fully as
deep as Liake Lahontan, nevertheless, because the Car-
son Desert was not as deeply alluviated as now and its
floor probably lay several hundred feet lower.

Thick zones of elay penetrated by wells in the deeper
basin-interior fill suggest long-lasting pre-Lake Lahon-
tan Quaternary lakes, but cannot be correlated with ex-
posed deposits.

Faiute time—In later pre-Lake Lahontan Quater-
nary time the Pajute formation was deposited. Paiute
time was charaeterized by marked alluviation and col-
luviation in the highlands, and presumably by con-
siderable valley erosion in the mountains. Alluvial
fans were built that are much larger and thicker than
any subsequent ones, and the lithology of their gravel
shows that the highland washes, though ephemeral, had
forrential floods at least as big as the largest in Lake
Lahontan time. The colluvial mantle in the mountains,
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also much thicker than any younger colluvium, atiesis
fo stronger solifluction, creep, and slope wash than sub-
sequently.”  Bolian deposition seems to have been negli-
gible. Sedimentation conditions in the basin interior
are unknown, for sediments coeval with the Paivfe are
here deeply buried.

The strong alluviation and colluviation suggest a
climate at least ag cold and wet as that during the lake
maximums of Lake Lahontan. Perhaps the bull of
the Painte was deposited during a pre-Lake Lahontan
pluvial peried such as that which iz coeval with the
Sherwin glaciation of Blackwelder {1931) in the Sierra
Nevada; if so, a predecessor of Lake Lahontan prob-
ably also existed, but evidence for it hag not been found
in the Carson Desert. The youngest part of the Paiute,
however, probably dates from the earlier part of the
last interpluvial interval before the advent of Lake
Lahontan (the later part of this interval probably is
repressnted by the Cocoon soil):

Patute time seems to have been a time of relative
structural stability ; at least no faults definitely of this
age are known. Basaltic eruptioms, of this age or
earlier, tool place at Rattlesnake Hill, yielding ininor
flows and ending with minor explogions that left the
vent cholred with agglomerate.

Clocoon interval—The Cocoon interval, when the Co-
coon soil formed, was o time of comparative balance
between erosion and deposition in the highlands, when
chemical weathering exceeded erosion. The relatively
intense weathering, manifest especially by the clay con-
tent and reddish-brown color of the oxide horizon of
this soil, suggests that the climate was considerably
warmer than now. Precipitation also must have been
higher than now, for strong soil formation could not
have taken place under the intense aridity that other-
wise would have prevailed under the higher tempera-
ture. The strong ealeareous horizon, however, is typi-
cal of soils formed in semiarid rather than subhumid
climates. Thus, the Cocoon soil probably formed under
o, semiarid climate somewhat warmer and wetfer than
now-—probably the later part of the interpluvial in-
farval preceding Lake Lahontan, Evidence is lacking
on sedimentation and lake conditions in the inner Car-
son Desert, for here the zone that represents this soil is
deeply buriad.

¢ Tntensifiad mass wasting during Dre-Lake Labonian Quatersary
time 62163 1o Anve been the maln cause of the generally rounded fonns
and seareity of rock oubcreps that characterize the mmountaing of the
region.  Enepd (1934, 23,242] commenied on the more active %Ziﬁ}m«
siom ok north stopes comphred to south slopes, dae to grenter insolation
an norih sigpes, g & possibie explamatien of fhe faeh ihat the ngrith

sispes of valleys in this regien tend to be long and relatively gentle
and the south slopes short and steep.
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HISTORY OF LALKE LAHONTAN
EETZA TIHE

Lake-depositional history.—After development of the
Cocoon soil came a long interval of deep-lake condi-
tions—the first part of Lake Lahontan time—during
which the Eetza formation was deposited. This forma-
tion and coeval shore features record two lake maxi-
mums. The earlier, at an altitude of about 4,380 feet,
was the highest level ever attained by Lake Labontan.
This level is 515 feet above Carson Sink today, but the
1ake was at least 200 feet deeper at the time of the maxi-
mum because the basin floor has been raised by subse-
quent sedimentation. At this level, Lake Lahontan
jmundated about 8,540 square miles and extended about
250 miles north and sotith and 185 miles east and west,
without overflowing its basin. The second maximum
was only 40 feet lower. Between the two maxtmumns
 the level of the lake dropped at least 820 feet, but the
recession seems to have been brief judging from the
scanty recessional deposits.

On the highland shores mainly boulder and cobble
. gravel, some pebble gravel, and minor lithoid tufa were
deposited, but almost no sand. The tufa was precipi-
tated by mats of algae growing within a few feet below
and above water level. Lake-bottom sedimentation his-
tory is unknown because the bottom sediments are rarely
exposed.

Eetza time was the stormiest part of Lahontan time.
The shore gravels and morphologic features attest to
waves stronger than those of any later lakes at all levels,
- from highest to lowest. The smaller details of the pre-
- existing topography were severely modified by carving
. of prominent shore terraces and cliffs, accompanied by
-construction of correspondingly large gravel terraces,
bars, and spits. On shores most exposed to waves,
- boulders, commonly several feet in diameter, were dis-
lodged and transported, and terraces 50 to locally 200
. deet wide were cut in hard lava rocks. Ten main shore-
lines were formed, as well as more than a dozen mod-
erate to weak ones (pl. 9). The strongest waves (and
hence the most severe windstorms) date from the first
Ee_tza, transgression as suggested by the fact that the
l_owe.r part of the lake gravel generally is the coarsest
and is associated with the most strongly developed shore
features.

+Distribution and orientation of Eetza shore deposits
and morphologic features show that strong winds came
m all directions except east, but mainly from the
-h.-"_northwest, and southwest ; northwest winds pre-
ated. Winds from the south and southwest were
" more prominent than during Sehoo time. For
:nt‘:;E}, while the lake was comparatively low, large

vere. built northward from the northwest and
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northeast prongs of the Bunejug Mountains. Other
large spits and bars were built just below the Lahontan
beach. At Russell Spit (p. 64), for example, longshore
drift was both from the south and northwest in Eetza
timne, but northwest drift was predominant. In order
for drift from the south to occur here, winds must have
blown from due south to southeast ; southwesterly winds
were blocked by the Desert. Mountains. Similar wind
conditions apparently prevailed at intermediate lake
levels, as shown at many places in the highlands.

History above the lake shores—After formation of
the Cocoon soil, apparently early in FEetza time the
highland washes locally dissected a few feet into al-
luvial gravel of the Paiute along their middle courses.
This was followed by a few feet of gravel fill as the lake
rose; the fill was graded to the higher lake shores but
was far too scanty to produce deltas. The Carson River
built a delta, but the exposed part lies west of the map
area. ‘

At the same time small amounts of colluvium were de-
posited on the mountain slopes, mainly by solifluetion
and creep which reworked the oxide horizon of the
Cocoon soil. The small volume of alluvium and collu-
vium from the highlands attests to relatively minor
erosion of these areas during Eetza time; erosion was
practically negligible compared with that in pre-Lake
Lahontan Quaternary time,

Soil development was negligible, the only evidence of
it being an incipient weathering profile dating from the
middle.Eetza recession.

WYEMAHA TIME

A relatively long interval, when the Carson Desert
was completely or nearly dry and when the Wyemaha
formation was deposited, followed the recession of the
second Eetza lake. Early and middle Wyemaha time
was characterized by depesition of vast quantities of
eolian sand, which virtually drowned some areas in the
Basin interior and the lower imountain passes. Defla-
tion and transport of the sand were favored by sparse
vegetal cover and severe windstorms. The volume of
this sand is far too great for it to have been derived
locally ; it must have come from outside the area, prob-
ably from extensive sandy outwash plains and deltas in
Carson, Lower Carson, Smith, and Mason Valleys.
Sand was blown from these areas in great belts, 40 to
75 miles long and a dozen or so miles wide, trending
generally northeast and east-northeast across mountains
and basins. The greatest concentration of the sand
near the Carson Desert is just south of the map area in
the north half of the Allen Springs quadrangle. The
highland washes flowed much less than now, for al-



100

luvium of this age is very seanty and many of the
canyons were deeply choled with eolian sand.

These features begpeak extreme aridity. Conditions
probably fuctuated, however, for the thickness and
character of the Wyemsha where i is penetrated by
wells in the basin interior snggest considerable alluvia-
tion by the Carsen River and intermitierd nundation
by shallow lakes. During much of Wyemaha time the
river probably rarely reached the Carson Desert; the
lowest sumps were playas; and deposition of eolian
sand and deflation of fine sediment were dominant
processes in the basin interior.

Eixplosive eruptions at Upsal Hogback deposited
bagaltic tuff and tufl breccia in the vicinity ; these erup-
tions had virtually ceased by late Wyemaha time.

Late Wyemaha time was charncterized by increased
alluviation in the highlands, apparenily from aug-
mented local runoff that was due to increased precipi-
tation during a probably short intarval befors the pro-
tective vegetal cover that characterized the Churchill
interval became established. The alluvinm was gen-
eraliy sandy owing to reworking of the ubiquitous
blanket of eolian sand. Its seantiness and lithology.
together with the absence of soil development, sug-
gest, however, that precipitation still was relatively low
and characterized by infrequent torrential rains. The
Carson River probably also brought more sediment to
the Carson Desert,

The close of Wyemaha time ig placed arbitrarily
at the start of the Churchill interval, which i an
egsentially time-parallel boundary. Tn the high-
iands this boundary is at the top of the youngest
allavivm and eolian sand of the Wyemaha, for here
sedimentation seems to have practically ceased while
the Churchill soil wag forming, In the inner low-
lands, however, deposition of sediments that are re-
ferred to the Wyemaha continned through Churchill
time; this final episode of Wyemnha sedimentation is
diseussed in the following section.

CHURCHILL INTERVAL

The Churchill interval, recorded by the Churchill
so0il, was another time of reduced erosion; the eolian
sand became stablized and deposition of alluvium large-
Iy eeased in the highlands. Although the climate may
have been less windy, the main factor in stabilization
probably was development of plant cover, probably
mostly grasses. Shrubs also seem to have been present,
however, as evidenced by caleium carbonate concentra~
tions surrounding their deeply penetrating roots below
the caleareous horizon of the soil. Probably the plait
cover was more dense during this interval than during
any other part of Lahontan Valley and Recent time.
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The aceelerated rate of zoil development and the some-
what reddish color and moderate clay content of the
oxide horizon suggest that the temperature was higher
than now, The strong total profile development and
strong development of the calcarsous horizon of the
soil, well-developed plant cover, and lakes in the low-
lands all atiest to semiarid rather than arid elimate.
Precipitation must have been considerably higher than
today or otherwise the higher temperature would have
resulbed in exfreme aridity and would have inhibited
rather than promoted soil development.

Flow of the Carson River into the Carson Desert
probably increased, bringing in mors alluvium, for the
sump areas were inundated by fairly permanent shallow
lakes, in which highly organic silt, sand, and muck were
deposited. The Churchill soil probably developed on
the subaerially exposed basin-interior sediments, but it
wag removed throughout the lowlands at the close of
Churchill time by waves of the lake transgression that
developed into the early Sehoo lake.

BEHOO TIME

Lake-depositional history—The Sehoo and Indian
Lakes formations record the second general deep-lake
period of Lake Lahontan, The lower, dendritic, and
upper members of the Sehoo and their associated shore
morphologic featureg record three deep-lake coyeles
during this period, and the intertonguing parts of the
Indian Yakes and the thinolite unit of the Sehoo record
important Iake recessions after each lake maximum,

It is possible to get a mueh clearer pieture of the
Inke-depositional history of Sehoo time than for Eetza
and Wyemaha time, owing to excellent exposure of the
Sehoo and Indian Lakes formations at all stratigraphie
levels, even in the bagin interior, their favorable stratig-
raphy, and well-preserved shore morphologic features,

During its transgression, the early Sehoo Iake formed
the most strongly marked shorelines of Sehoo time and
deposited the coarsest and thickest gravel of the Sehoo
formution, indicating strong waves, repeated strong
windstorms, and probably many haits during the lake
rise. On the shores most exposed to waves the upper
several feet of earhier gravel were intensely reworked,
so that only the larger boulders remained undisturbed ;
ghore features of Fetza and alluvial fans of Wyemaka
agewere severely mocdified, At the main shoreline levels
sizable spits and bars were built, in places extending 1
mile and locally over 2 miles from source hill shores
across adjacent reentvants. Windstorms were probably
less severe than those of Eetza time, however, for the
shore gravel typleally is less coarse, rock cutting is less
in evidence, and constructional features generally are
staaller, The distribution and orientation of shore ter-



45, spits, and bars show that the strongest wiz&dsgcma
41y from the northwest and north and practically
.+t 2]l from the south or southeast.
o move sand was deposited on the highland shores
during Ketza time, because the lake reworked
tensive mantle of eolian sand of the Wyemaha.
as deposited locally by algae growing near shore
ow water. Maximum tufa deposition was be-
o 4,150- and 4,355-foot lake levels, particularly
lands exposed to strong waves, forming in places
nous blanket several inches to 1 foot or more
The final 15 feet of the lake transgression, how-
ns completely devoid of tufa deposition. While
¢ rose from 4,175 to 4,330 feet, gastropods flour-
1 sheltered places—especially drowned mountain
wpns—in greater numbers than af any other interval
ke Lahontan history. Also probably during the
fransgression, a voleanic explosion at Soda Lake
put mainly older basin-fill sediment and a small
ntage of basaltic lapilli and bombs. The clay de-
‘on the lake bottom probably came mainly from
dity currents generated by the Carson River and to
ble degree from local wash inflow or hill-shore
The lake water was fresh, for the clay is non-
but fish apparently were not numerous.
lake maximum, at an altitude of about 4,370 feet,
1y 10 feet below the highest Eetza maximum and
ted about 8,800 square miles. The highest Jevel
od by prominent terraces, bars, and spits, indi-
a pronounced and stormy stillstand.
veen the early and middle Schoo maximums the
ceded markedly but probably did not become en-
try. During the recession from the early Sehoo
um only a few well-marked shorelines were
1. mantled mainly with pebble and cobble gravel,
1¢ to infrequent strong windstorms and perhaps
lstands.  As the lake receded below the inter-
resholds, it was split into separate lakes in vari-
s, YWhen the lake level dropped below about
it Walker Lake Basin was separated ; at about
t. The lake in the Pyramid-Winnemuces area
rated from that in the Hot Springs Valley and
Desert, and the latter was separated into two
ien Ragtown Pass beeame exposed below about

Thinolite, the distinctive sediment of this
recipitated as enhedral crystals of aragonite
allow and deep offshore water. The marked
| f lake-bottom clay in this unit compared with
he Jower and dendritic members, and the ab-
ell-marked shorelines suggest that thinolite
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+ 511 the deep-lake infervals of
e Wa? bmﬁé;f?;:igﬁed at. 1&2}:;% as low as 3,880
o ﬁm'{ﬁ rzon Desert, at which level it inundated
fefé{i . télz:l-e ;éles and was 125 feet deep. An incipient
E"i)} fsfmeé during the recession interval.
SeAﬁ{;r the thinolite recession caane‘the fourth deep-
lake cyde of Lake Lahontan, the middle Sehoo lake,

it ber of the Sehoo was deposited.
when the dencaiie mel]t;ecl shorelines were formed dur-

f)nl}ghf:‘ll;"k‘:‘:iiz? 31112; are devoid of rock cutting and
;ng v thin 1o c:al <hore sadiments, rarely coarser than
\ave oniy vel. suggesting that the lake either rose
i e grion;unce:é stillstands and (or) that W{nd~
with o infrequent and relatively mﬁd; .APaﬂ'ﬂcﬂ‘
iy tive and abundant tufn, dendritie tufa, was
larly §z:§1;}1€ ;1 3‘:8 growing near shore in shallow water;
deposit fhi’ a}gme dourished because the climate was
963‘11&?_?1 . snm;* and ealm for @ deep—iak‘e interval.
%z;szg;ggg River added much sediment to its delta at
, Clarson Desert.
th? western ? dfnoig fil(jialake was at about :%,19(11 feet,
The ma}fﬂn the known minimum of the thinolite re-
200 f eot aLoiz Lahontan then inundated about .6,000
O d was 4 maximum of 825 feet deep in the
square miles ;n Waves were 80 weak and{or) %he maxi-
Carson Deze s'o brief that the high shore 1s ppor}y
mun:i s;{tano11 its recession, the Iake formed ii% faing to
maﬂw‘:{t.e sherelines, the hest-marked ones being helow
nwg,fz; o local p obble gmm] was the coarsest shore
i:jii;ent ;;aves shvicusly ?P@Qm;&d wenk,
At late Sehoo recession time, when the upper
Burmgf the Indian T.akes formation was deposited
tongue QH ' mon School soil farmed, the lake surface
and thz a;;&st a6 low as 8,800 feet; iﬁiothez words,
OP became nearly ot completely dry. At
Lake Lahontht the soparate lake in the Carson

is &k minimum
%i:;ﬁ::j a 'maxi_mém depth of only 38 feet and an

¢ t 500 square miles. “ ‘
MF a Ofﬁizwim late Sehoo lake 18 reamdea?l !)y *?he
e :f the Sehoo formation. A dlsi:,mctlve
deposited locally by algae during the
of wave peworking of the tufa and
that the weather re-
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upper member
lithoid tufa was
lake rise. Absence ot ’
of transgressive shorelines shows 5,090 feot, this
.4 calm. At its maximun, shout % ‘ 1960
o andated about 1,800 square miles and was ”
iake I The Carson River built & Sﬂ:IldY delta
feet {Eee%- el to the high level, 3‘3
. o W
n;desl :e tfhe high shore i marked only by small 1;‘%@
elsewh 3 beach terraces, attesting to 'Wf‘,ﬂ.k waves. :
bars an fault zome Was active, creating a prominen
Sagouspe 124 TDring the lake recessionl

- the lowlands. : .
fiulgsc};ﬁ %iv;r flowed northward a0ress this scarp.
the ar

L was gv aded
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as now, and built another delta, about a third the size
of the western delta, in the western Indian Lakes area.

Higtory of subaerial erosion and depesition in the
highionds~—Throughout Sehoo-Indian Lakes time
subaerial erosion and deposition in the highlands were
minor, and changes in subaerial processes with time
were too small to provide contrasts in lithology or
widespread disconformities within the Indian Lakes
formation. Earlier alluvial fills were trenched s few
feet 2long the middle reaches of the mountain washes,
and small alluvial fans were built on the piedmonts.
The eoarseness, distribution, and strueture of the allu-
viwmn show that it was deposited by torrential floods of
normally dry washes that were larger than at any sub-
sequent time. During the late Sehoo lake maximum
slluvial gravel was carried farther into the interior of
the basin than subsequently, in places as far as the
lakeshore.

During the thinolite recession the Carson River
trenched 80 to 100 fest into the delta it had built dur-
ing the preceding Iake stage and the trench was later
filled by sediment of the middle Sehoo lake. This
delta was trenched again during the late Sehoo reces-
sion snd during late Sehoo lake time, when the floor
of the trench was graded to a lower delta on the high
shore of this lake.

Mass wasting alsc was more active than subse-
guently. Slope wash was the dominant colluvial proe-
ess, and solifluction was subordinate. Barlier collu-
vinm, above the caleareous horizon of the Cocoon soil,
was locally moved, but the net modification of valley
slopes was very minor. Block streams formed locally
on mountain slopes by washing out of fines from soli-
fluction mantel of Eetza age.

Some wind erosion, particularly of eolian sand of
the Wyemaha formation, and eolian deposition prob-
ably took place in the highlands during the transgres-
sion of the early Sehoo lake, for this was a time of
severs windstorms (p. 100}, The remainder of Sehoo
time was presumably relatively free from eolian ero-
ston and deposition, for wave action apparently was
wenk and eolian sand is rare.

Soil development was practically nil during most
of Sehoo-Indian Lakes time; the only discernible de-
velopment was the incipient soil that formed during
the thinolite recession and the very weak Harmon
Schoal soil that formed during the late Sehoo recession.

A moderate vegetal cover, probably mainly grasses
and shrubs, probably existed throughowt Sehoo time.
A more abundant fauma than now seems to have been
at least sporadically present. Perhaps the animale-
Hon, horse, and samel-—of early Sehoo age died out soon
after early Sehoo time, for the small collection of
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mammal bones of thinolite recession age from Hidden
Cave consists entirely of living species, and the large
collection of verisbrate bones of the late Sehoo age from
this site records & fauna similar to, but more abundant
than, that of today, only Eguus oceidenialis being
extinct.

Human occupation of the ares may date from about
the time of the middle Sehoo lake maximum (Gross-
cup, 1956), but conclusive stratigraphic evidence has
not been obtained. The single projectile point discov-
ared in place in upper lacustral clay by MeGee (1889;
Russell, 1885, p. 246-247) is apparently of Sehoo age,
probably middle Seheo. | A small nomadie Indian pep-
ulation occuplied the area during late Sehoo lake time,
judging from the archeologic record in Hidden Cave
{Girosscup, 1956 ; Morrison, 1958¢). The four projectile
points found in Hidden Cave are unlike any points
previonsly reported for the Humboldt Sink and Car-
son Desert areas, but resemble some from Dixie Valley,
Nev,, from the lowest level of FEtna Cave, Nev., and
from northeastern California.

POST-LAKE LAHONTAN HISTORY
TURUPAN TIME

Sehoo time was succeeded by an interval of marked
aridity when the Carson Desert was completely dry
much of the time and the Turupah formation wasg
deposited. Turupah time and the following Toyeh in-
terval are together equivalent to the altithermal age
of -Antevs (1948, p. 176-179), which has been dated
from geologic and archeologic evidence and radiccarbon
methods ag starting 7,500 to 7,000 and ending 4,500 to
4,000 years ago (Heizer, 1951; Antevs, 1948, 1952,
p. 103, 1953, p. 323, 328-320). Probably the Turupah
ocenpied Il but the final 300 to 1,000 years or so.

Turopah time was charncterized by eolian deposi-
tion and erosion, Large quantities of eolian sand wers
deposited, derived from sands of the Sehoo and Wye-
maha formations, and large deflation baging and plains
were created in the basin interior. Complete lake
desiccation is evidenced by the marked deflation of
Carson Sink itself and by widespread eolian sand
of this age at altitudes below 5,800 feet. Deflation
was most severe in the western lowlands; in many
places the ercsion went entirely through the Sehoo
formation into the Wyemaha, locally removing 20 to
40 feet, and rarely more than 80 feet, of sediment.
From 1 to 8 feet of sediment iz estimated to have been
removed over a large part of the lowlands—an aggre-
gate volume of at least half a cubic mile in the map
area. The sand wus mostly redeposited within the
bazin as dunes and drift sheets of eolian sand of the
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Turupah formation; the finer fraction was partly de-
posited as a blanket of loess in the highlands and partly
blown outside the basin. Deflation was easier during
Turupah than during Fallon time because the Toyeh
soil had not yet formed and its stabilizing effect was
absent. In the highlands eolian sand of the Wyemaha
and lake sand of the Sehoo were extensively reworked,
but there was less wholesale eolian transport and depo-
gition than in Wyemaha time.

The Carson River apparently rarely reached the
Carson Desert, and the hightand washes did not flow
enough to leave recognizable alluvium. The paucity of
fossil and archeologic remains suggests that flora and
fauna were very sparse and that the area was generally
uninhabited by man (Heizer, 1951, p. 92-95; Morrison,
1958¢). These conditions all betoken aridity more
stark than now, which was possibly accentuated by
temperatures higher than now as Antevs (1948, 1952)

has suggested.
TOYEH INTERVAL

Turupah time was followed by the Toyeh interval,
during which the Toyeh soil formed. Concomitantly
plant cover increased, the dunes were stabilized, and
deflation practically ceased. Though this interval
probably lasted only a few hundred years, it pro-
duced the strongest soil development in all the time
from the end of the Churchill interval to the present—
probably 20 to 60 times longer than the Toyeh interval.
Soil formation probably was induced by relatively high
temperature, perhaps continuing from Turupah time,
coupled with an increase in precipitation that continned
into first Fallon lake time.

FALLON TIME
DEPOSITIONAL HISTORY IN THE BASIN INTERIOR

General features—The Fallon formation records at
least five cycles of shallow lakes alternating with desic-
cation during the last 4,000 years or so. None of the
desiccation intervals was as long, nor probably as arid,
as Turupah time. The lakes ranged only from about
15 to 85 feet in maximum depth, each lower than its
predecessor (table 7). The Carson River repeatedly
changed its lower course, swinging in an arc of nearly
120°, and deposited a fan-shaped blanket of alluvium
and deltaic sediment (pl. 11). Most of the time the
river drained southeastward into the Carson Lake area,
but occasionally it drained eastward toward the Still-
water Slough or the south end of the Stillwater Lakes,
and twice it swung briefly northward toward Carson
Sink. When the lakes were dry or nearly dry the river
actually reached these areas; during the lake intervals
it built deltas on the west shores of the lakes. Most of
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the deltas were graded to the lake maximums, and the
sizes of the deltas wers roughly proportional to the
height of the corresponding lake, suggesting that maxi-
mum alluviation was synchronous with the lake maxi-
mums. The base level to which the river graded its
flood plain has changed with the rise and fall of the
lakes, but it trended generally downward, correspond-
ing to the lake maximums; the flood plain was cut a
few feet below the earlier deltas as the later ones
formed.

First lake—The first Fallon lake, recorded by the
first lake unit of the Fallon formation, apparently had
merely a single stillstand at and near its maximum
level (3,948 feet), for transgressive and regressive
shorelines are not evident. At its maximum it inun-
dated about 1,140 square miles entirely within the
Carson Desert and lower Humboldt Valley, and it had
a maximum depth of about 85 feet. The Carson River
flowed southeastward toward Carson Lake and its vari-
ous distributaries built three sandy high-shore deltas,
practically continuous and approximately coeval (table
7). Elsewhere along the high shore, lake sand was
deposited by reworking of dunes of Turupah age. In
deeper depressions away from the deltas, a few inches
to a few feet of dark lake clay was deposited. The
salinity of these sediments suggests that this lake was
very saline.

Contemporaneous with the maximum of this lake, a
separate lake seems to have existed at a lower level in
Eightmile Flat. This lake probably was fed by sub-
surface seepage through the sand underlying the divide
between Turupah and Eightmile Flats, for there is no
sign of an overflow channel across this divide and local
runoff from the drainage area of Tightmile Flat was
inadequate to support such a lake.

First lake recession.—Recession between the first and
second Fallon lakes is demonstrated by eolian sand and
alluvium of the first interlake unit as low as about
3,910 feet in the Carson Lake area and about 3,900 feet
in the Stillwater Lakes area—at least comparable to
present conditions. This was a time of considerable
dune construction and some deflection, particularly in
the lowlands. About a foot of eolian silt and slope wash
was deposited in Hidden Cave. Small gullies were dis-
sected along Wildeat Secarp. Soil development was
barely discernible. ’

Second lake—During the transgression of the second
lake, the Carson River built a small delta overlapping
the easternmost delta of the first Fallon lake. At its
maximum the lalke reworked and beveled the margins
of sand dunes built during the preceding drought and
locally formed small bars of gravel and sand. In sandy
areas above the lake eolian sand was added to earlier
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dunes. A faint shoreline marks a minor recessional
shillstand at 3,927 feet,

Complete desiceation of the Carsen Desert during the
second interlake interval is suggested by local eolian
sand, recording minor eolian erosion and depesition,
ag low as 3,880 feet. The very weakly developed
L-Drain soil formed during this interval, representing
the ymain soil development during Fallon time. The
Carson River continued to drain to Carson Lake and
bailt a large sandy delta on the north shore, which was
graded to about the present level of this lake, which is
almost dry. Stillwater Lakes and the Carson Sink
probably remained completely dry.

Phird loke—The third lake of Fallon thme was so
shallow that the divide between Carson Lake and Still-
water Lalwes, in the NWig, T. 18 N, R. 30 E., remained
exposed and the lake maximums were not secordant in
the southern and northern lewlandz, These maximums
are marked by faint shorelines and deltas, af an alti-
tude of 3,922 feet in the southern {Carson Lake) area
and at 3,915 feet in the northern area. The shore
deposits in each ares do not overlap ; although approxi-
mately correlative, the lake maximums they record in
each area may not have been quite synchronous. The
southern lake maximum was controlled by overflow
across the threshold to the northern area, then at about
3,021 feet, creating a narrow flood plain along the pres-
ant Stillwater Slongh which was graded to the high
shoreline in the northern aresn. Probably late in third
Inke time the river shifted into ity old northward
channel—the present course——and built another small
delta graded to a Iake level at about 3,915 feet,

Remaining Fallon téme.—The third lake was followed
by marked recession, perhaps complete desiceation, then
by two or more very shallow lake eycles. The Carson
River shifted its course several times: mostly southeast-
ward to Carson Lake, cecasionally eastward to 3till-

water Slough or the south end of Stillwater Lakes,

and, least commonly, northward to Carson Sink. When
the river drained to Carson Lake the lake maximums
were controlled at an altitude of 3,019 feet by overflow
across the threshold fo the northern area, via the
slightly entrenched Stillwater $lough. The maximum
level was reached at least twice, long enongh to develop
a distinet though faint shoreline. When this lake over-
flowed, the Stillwater Lakes were flooded as, probably
at times, was the Carson Sink. The northern lakes
probably fluctuated even more than the seasonal varia-
tions in river discharge, because evaporation from Car-
son Lake and the lower chain of lakes tended to accentu-
ate these variations. When the river drained directly
into the northern arew, Carson Lake remained entirely
dry, a3 none of the late Fallon lakes in the northern area
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rose high enough to overflow the threshold into Carson
Lake. Thus there were many more small lake fluctua-
tions in the northern area than in the Carson Lake area,
and Carson Sink probably was dry much more of the
time than Carson Lake or the Stillwater Lakes,

The Humboldt River also terminates in Carson Sink
and therefore the gink probably also received intermit-
tent inflow from this river. Historic records of dis-
charge suggesf, however, that this inflow tends to be
proportionate to, but generally less than, the discharge
of the Carson River into the Carson Desert; hence, its
effect is assumned to have been snbordinate to inflow from
the Carson River, even in the northern part of the basin,

The two highest lake maxirums in the northern area
were successively ot about 3,905 and 3,800 feet. The
3,905-Toot. maximum cannot be correlated with the maxi-
mums of Carson Lake; the 3,380-fool maximum was
reached in 1862, but may also have been reached earlier.

Published records show that Carson Lake was at its
overflow level-at an altitude of 35,819 feet—in 1845
{Kern, 1876}, 1859 (Shmopson, 1876), 1862, 1868, 1873,
1881, 1883, and 1885 (Russell, 1885, p. 44-45}. It prob-
ably was generally below this level during the 18407,
for this decade was a drought period in the region (An-
tevs, 1938b), Recent minimums were in 1904, 1819, and
1924-1984. Carson Sink generally was dry during the
1840’s and from 1880 until 1905. It reached its highest
modern inundation in 1862, after the largest floods of
historic time in the Carson and Humbeldt Rivers.
{The Humboldt River apparently coniributed econsi-
derable inflow at this time, for a waterpowered grist mill
was In operation at White Plains station, halfway be-
tween Humbeldt Lake and the mouth of the river.)
In 1868, when the first public land surveys were made
in the Carson Degert, the sink was inundated to a depth
of about 20 feet, and Pelican Island actually waz an
island. The sink was completely dry when Bussell
(1885, p. 68) visited it in October 1881.

Russell (1885, p. 44-45) outlined the modern history
of the changes in course of the lower Carson River and
the history of the lake fluctuations as follows:

Previons fo 1862 it flowed Into the South Carson Lake, but
there wus an abandened channel branching from it and leading
naorthward., During a time of wnusceally high water in the spring
of 1862 the river bifurcated, the old channel was Tecccupied and
o hranch Howed to each lake * * * Previous ko [hat time there
wag 4 “ylongh” connecting North and South Carson Lakes thru
which the waters fiowed porthward., After the forking of the
stream the South lakes wos lowered so that it ne longe? over
fowed and the water in fhe slough became stagnant.  Another
flood ocvurred In the spring e:;_f 1867 or 1888, which caused the
arm empiying into Nerth Corson Lake to branch and séund a
stream eastward fo fhe stough.  'The last-formed channel is still

peoupied and fg krown as “New River® This distributien of
the waters of the Carsen still continnes * * % In Juns, 15850,




GEOLOGIC HEISTORY

the water in the slough was reported by Capiain Simpson to be
50 fest wide and 3 or 4 feet desp, end fowing northward with
a strong current. In Seplember 1866, Lieut B. Birnis states
that the waters were sluggish, with searcely s perceptible flow.
In June, 1881, I found the volume of water about {he same as
reported by Simpson in 1859, and flowing northward with a well-
marked current. Ie September, 1883, the slough was low, and
did not exhibif nny motion ; South Cargon Lake af the same time
was very shallow, mueh of if presenting the appeaeance of g
EWRI.

Russell (1885, p. 69) also mentioned that in 1882 Car-
son Lake had an area of about 40 square miles and a
depth of about 4 feet in its centra] part.

Since development of the Newlands Reclamation
Project, which started in 1908, the channels of the Car-
son River and Stillwater Slongh have been straightened
and locally deepened, the river channel has been stabil-
ized in its northward course to Carson Sink, and the
river discharge has been controlled by construction of
Lahontan Dam and several amall diversion dams. In
1907 the second largest flood in histervic time occurred
on the Carson River, cawsing o temporary diversion
past the south edge of Fallon and therice into Stillwater
Slough.

As g result of the shifts of the Carson River and lake
inmndations, the flood plain grew and several small
deltag were built on the north shore of Carson Lake,
near Stillwater, and at the edge of Carson Sink, FEolian
erosion and deposition continued, reshaping the sand
dunes, and to a slight degree, the deflation basins.
Where eoclian sand was successively inundated by the
shallow lakes, eolian and lake sand were intricately in-
terbedded.

CRONIONAYL ANUD DEPOSTTIONAL EIBPORY IN THE KZQHL&&?%

During Fallon time the highland washes deposited a
little allovium on their fans, but much less than during
late Sehoo lake time. The poor sorting, great range
in grain size, and high angularity of the alluvium
reflects its dominantly rapid transport and deposition
by flash floods after infrequent heavy rains. Large
differences in volume of alluvium between washes
of similar drainage area show that the torrential
rains were spotty, causing big floods in one canyon
and little or none in a neighboring one, but the
generally small volume shows that most canyons and
washes had few big floods. The episodes of alluvia-
tion ecannot be precisely correlated with the lake inter-
vals, but the main activity clearly was early. Degrada-
tion of the highland washes was jmperceptible. The
historic arroyo cutting that was dominant in most of the
Western United States, including many less arid parts
of Nevada, has not yet affected any of the washes in the
area.
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Slight colluvial activity took place on the Mountasy
slopes, but it was infinitesimal compared with that dgyp.
ing Eetza and Sehoo times; the record in Hidden Cave
suggests that the total amount of such activity was Jass
than during late Sehoo time alone, and that it virtually
stopped during the driest intervals. Mass wasting jg
most active at present in the highest mountains of the
region where rainfall and snow accumulation are
greatest.

Eolian erosion and deposition took place intermit-
tently and locally in the highlands on a small seale, cen.
tering in the lower highland passes that had received
extensive earlier accuumulations of eolian and lake sand.

HUMAN DCOUPATION

Nomadic Indians ocoupied the area intermittently
during Fallon time, living ¢lose to the lakes and streams,
The density of occupation seems to have fluctuated with
lake levels, being greatest when the lakes were highest
and least when they were desiccated, although sparse
temporary occupation may have persisted slong the
Carson River and perennial springs through some of the
dry intervals. Doubtless the density fluctuation was
due to corresponding variations in the food supply.

The time of the first Fallon lake was one of sparse
inhabitation, as recorded by the fow artifacts in the so-
called 32-inch midden layer in Hidden Cave {Grosscup,
1956, p. 61) and by rare occupation sites along the high
shore of this lake, Probably Indians did not return to
the area quickly after the depopulation of Turupah
time. Inhabitation also was sparse during the first lake
recession, and ¢lustered mainly around the shore of the
shrunken Carson Lake. The losss layer in Hidden
Cave that is correlated with the first Fallon lake reces.
sion is almest barren of artifacts.

Indian inhabitation reached its all-time climax dur-
ing the time of the second lake, as shown by many open
sites along the high shore and by a conspicuous midden
layer in Hidden Cave, which contained 85 percent of
the artifacts recovered during the 1951 excavations at
this site (Grosscup, 1956). Inhabitation again was
sparse during the second lake recession, and clnstered
mainly around Carson Lake. Later Fallon time seems
to have been a time of sparse to moderate occupation,
when the Indians lived mainly in open sites near the
permanent lakes and watercourses.

Grosscup (1956, p. 61-63) correlates the culiural ma-
terial of first- to second-lake age with the Lovalock cul-
ture of the Humbolds Lake srea (Loud and Harrington,
1929; Heizer, 1951, 1956; Heizer and Krieger, 1956}
and the artifacts of later Fallon age with prehistoric
and historic Northern Paiute.
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CLIMATIC HISTORY

The record of Fallon time—deposits, fossils, arche-
ology, and geomorphic features—attests to small cli-
matic fluetuations, but without marked differences from
the present climate. During the desiccation intervals
the climate probably was about like now, except during
the second lake recession it may have become slightly
warmer, as suggested by the fact that the only apprecia-
ble soil development of Fallon time took place then.
The lake intervals were probably both cocler and wetter
than climate today. The first lalte maximum marked
the moisture maximum and probably the temperature
minimum for all Fallon time; however, it is doubtful
whether annnal precipitation inereased more than sev-
eral inches or temperature decreased more than a few
degrees from present, values.

The indication of the lake record that the magnitude
of the wetter cooler fluctnations that produced the lakes
steadily diminished toward the present suggests that
the general trend in climate during the 3,000 or 3,500
years since the first Fallon lake maximum has been to-
ward increasing aridity and possibly greater warmth.
Such an established trend is likely to ¢ontinue into the
future, with of course temporary reversals. Antevs
(1938b) analyzed the very recent climatic cycles of this
region and predicted the climatic fluctuations for sev-
eral decades; his forecast is proving to be remarkably
accurate.

Fallon time seems to have been one of moderate
windiness, judging from its eolian deposits and eolian
erosion features—less windy than Turupah time but
generally more windy than the later part of the Sehoo
time. The desiccation intervals apparently were gen-
erally windier than the lake intervals, for most of the
eolian sand seems to have been deposited during the
desiccation intervals; moreover, the higher shorelines
of the lakes generally show little evidence of strong
wave action. The modern deposits of eolian sand sug-
gest that windiness recently has increased: areas of
active dunes seem generally to be growing, and the more
recently deposited beds in the dunes commonly are
conrser than the earlier beds.

The early winter of 1825 is reported to have been
exceptionally cold—so cold that all buffalo in the Great
Basin west of the Rockies were killed (Simpson, 1876).
A severe drought occurred in the 1840°s. The period
from 1850 to 1923 was generally abnormally wet; the
levels reached by the principal lakes of the region be-
tween 1850 and 1919 were the highest in 200 years or
more (Antevs, 1948, p. 180). From 1824 through 1934
precipitation and runoff were snbnormal in the north-
western part of the Great Basin, and temperature was
above normal; these conditions produced the most
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gevere drought in 150 to more than 650 years {Antevs,
1948, p. 182).

COMFPARISONS WITH FREVIOUS INTERPRETATIONS

Russell's interpretation.—Russell’s (1885} conclu-
sions on Lake Lahontan are as follows: Lake Lahontan
had two high-water periods, represented by the “lower
lacustral clays” and “upper lacustral clays,” and an
intervening period of low water and probably complete
desiceation, represented by “medial gravels” (fig. 38).
The first lake lasted longer than the second, but the rise
of the second was more abrupt, and its maximum was
about 30 feet higher. The maximum of the first lake is
marked by the lithoid terrace 500 feet above the 1882
level of Pyramid Lake, which is 3,867 feet according to
Antevs (1945, p. 29, 30) making this maximum an alti-
tude of 4,367 feet; deposition of lithoid tufa was re-
stricted to the recessional phase of this lake. Pyramid
Lake, which i the lowest of the major sinks in the Lake
Lahontan drainage area, may have become completely
dry during the middle Lake Lahontan desicecation.
During the transgression of the second lake, there was
a long stillstand at the level of the thinolite terrace and
a short one at the dendritic terrace, 110 and 320 feet,
respectively, above the 1882 level of Pyramid Lake (at
altitudes of 3,977 and 4,187 feet) and thinolite tufa
was deposited as high as the thinolite terrace and den-
dritic tufa as high as the dendritic terrace. The La-
hontan beach marks the maximum of the second lake,
530 feet above the 1882 level of Pyramid Lake (altitude
4,397 feet). Pyramid, Winnemucca, and Walker Lakes
probably dried up completely during an interval more
arid and warmer than now between the time of the sec-
ond lake and the present, because these lakes do not
contain as large a concentration of salts as they should
if they were mere shrunken remnants of Lake Lahon-
tan. This was the earliest deduction of the warm arid
interval which is now recognized throughout the world
as the thermal maximuim, and which in the Great Basin
has been called the altithermal age (Antevs, 1948,
1652).

Antevs’ interpretation—Antevs (1925a) first con-
cluded, from a series of stratigraphic sections measured
along the valleys from the Truckee, Humboldt, and
Walker Rivers, that Lake Lahontan had three and per-
haps four high-water stages, separated by intervals of
low water or complete desiccation. More recently,
(1945, p. 30-31; 1948, p. 171; 1952, p. 100-101) how-
ever, he inferred only two high-water cycles (fig. 38),
separated by an interval of partial lake recession. The
first lake, “Lake Lahontan proper,” rose the highest, to
4,397 feet at Pyramid Lake; the following recession,
the “Thinolite Lake,” was to the level of the thinolite
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terrace, altitude 8,977 feet ; and the next younger “Den-
dritic Lake” rose to a maximum of 4,197 feet (1945,
p. 31; 1948, p. 171), which was later revised to 4,340
feet (1952, p. 101) from work in the Humboldt Valley.
Later Antevs (1955, p. 326) assigned an age of 24,000
years to the “Lahontan I1” maximum (probably his
former “Dendritic Lake” maximum), which corre-
sponds to the early Sehoo maximum of this report. e
postulated a fairly regular decline in lake level from
this maximum, with minor recessions and six subsidiary
maximums. (The data on the recessional-lake oscilla-
tions were derived from studies by the writer (Mor-
rison, 1852a, considerably reinterpreted), by Stanley
(1949), and by Antevs himself.) He gave an age of
18,000 years for the maximum corresponding to that of
the middle Sehoo, and 10,000 years for that of the late
Sehoo. Like Russell (1948, p. 176, 178-179), Antevs
considered that Lake Lahontan dried up fairly com-
pletely during the thermal maximum, which he called
the altithermal age, between 4,500 and 7,000 years ago.
His published graph of lake fluctuations, however, does
not indicate complete desiccation of Pyramid Lake.
More recently the lakes such as Pyramid, Winnemucea,
and Walker, were again inundated.

Jones’ interpretation.~—J. C. Jones (1914, 1925, 1929)
believed that Lake Lahontan had only a single lake
cyele commencing only 2,000 or so years ago, and he
inferred that all the beach lines and shore deposits rep-
resent only the maximum or recessional stages. He
reasoned that any previous shorelines or shore deposits
would be largely obscured and obliterated by this lake
cycle. He also concluded that the parts of the sections
in the Humboldt and Walker Canyons that Russell
designated as meclial gravels and lower lacustral clays
are both subaerial (“typical alluvial fan and playa de-
posits”), and that only the part designated as upper
lacustral clay is truly lacustrine; m the Truckee can-
yon, however, all three members are lacustrine. The
bulk of the tufa deposition was near the close of the
lake recession.

Comparison with the writer’s interpretation.—The
writer’s conclusions on the lake history gave no support
to Jones’ interpretation of a single and very young lake
cycle. They agree, however, with most of Russell’s and
Antev's conclusions, although' they supplement or
contradict them in several details, as follows (fig. 38):

1. Contrary to Antev’s interpretation, but in line

with Russell’s, the lake became completely dry
during the middle Lake Lahontan recession
{(Wyemaha time), at least in the Carson Desert.

2. In agreement with Antevs, but not Russell, the

highest lake maximuin was during the first main
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deep-lake period (Fetza time), not during the
second (Sehoo time),

3. Contrary to both interpretations, both of the main
deep-lake periods had multiple maximums.

4. Likewise, several low lake cycles occurred in post-
Lake Lahontan (Fallon) time.

5. Lithoid tufa was deposited intermittently through-
out Lake Lahontan and Fallon time, not just on
the recession of the first high-water period, as
Russell believed.

6. Thinolite tufa is younger than Russell and Antevs
believed, at least in the Carson Desert. Russell
concluded that it was formed early on the rise of
the second Lahontan Lake; Antevs, during the
middle lake Lahontan recession. According to
the present study, it was deposited mainly near
the minimum of the recession between the early
and middle Sehoo lake maxima, although a little
also was deposited near the end of the middle
Sehoo lake.

CORRELATION AND AGE OF THE QUATERNARY
DEPOSITS AND SOILS

MEANS OF CORRELATION

Correlation of the Lahontan Valley group and Fallon
formation with late QJuaternary deposits in other areas
in the Western United States is difficult because: de-
posits commonly are dissimilar and generally contain
no sedimentary time-parallel marker that persist from
one area to another; fossils not only are generally
scanty but also non diagnostic for the small time spans
involved; radiocarbon age determinations are few and
cover only the younger part of late Quaternary time;
and other means of absolute age determination such as
rate of increase in salinity in lakes without outlet
{(Jones, J. C., 1925, p. 2842, and 1929; Van Winkel,
1914, p. 123), rate of concentration of fluorine in bones,
rate of deposition of alluvium and travertine and rate
of weathering, soil development, or leaching, are hope-
lessly unreliable. Two criteria are considered reason-
ably reliable and are the principal means of time-
stratigraphic correlation of rock-stratigraphic units
used in this report: (a) the position of rock units in
successions of depositional cycles (manifested by rec-
ords of lacustrine, glacial, alluvial, and eolian deposi-
tion and erosion), and (b) the position of rock units in
relation to soil sequences, compared in terms of relative
stratigraphic position (age) and relative degree of soil
development. Neither of the criteria is wholly reliable
alone, but in combination they are believed to be the best
geologic means of correlation available. Fossil and
other evidence are subsidiary means.
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Correlation by position in successions of depositional
eycles~Correlation by position of stratigraphic units
in successions of depositional cyecles is the traditional
means of correlating Quaternary deposits. The depo-
sitional cycles are revedled by records of glacial, lacus-
trine, alluvial, colluvial, eolian, and marine deposition
and erosion, and by soil development. They manifest
fluctuations such as advances and retreats of glaciers,
rises and falls of lakes, eustatic shifts in sea level, and
changes in type and rate of alluviation, mass wasting,
soil development, and erosion. These cycles are as-
sumed to be induced by general climatic changes, vir-
tually worldwide and synchronous. Some idea gen-
erally can be gained of the amplitude and duration of
the depositional cycles from the distribution, thickness,
and lithologic character of tlie deposits. By matching
the successions of these cycles in separate areas, the
~ sequences of deposits that record them can be correlated.

Long-distance correlation solely by this means is con-
founded, however, by many uncertainties. Commonly
one cannot be certain that he has correctly identified the
same depositional cycle {or position in this cycle) in the
sequences in different areas. Correlation also may be

-hampered by the complexity of the record in one area
and its meagerness in another, and by such nonclimatic
variables as diastrophism. Moreover, depositional
cycles of one type are not necessarily synchronous with
those of another {cycles of glaciation with eycles of
alluviation or with eustatic shifts in sea level). Also,
parts (stades) of cycles of the same type may not be
exactly synchironocus from area to area (a given glacial
stade probably lasted longer in Montana than in the
Rocky Mountains of New Mexico although its deposits
have similar relative position in the stratigraphic se-
quences of both areas).

Correlation by position in relation to 80il sequences.—
Many of the above uncertainties can be minimized by
using the position of rock-stratigraphic units in rela-
tion to soil sequences as the primary means of correla-
tion, and using their position in successions of deposi-
tional cycles in combination as secondary means. Rich-
mond (1950, 1962) has observed that if the successions
of late Quaternary deposits and soils in various parts of
the western United States are compared, the soils show
striking coincidence of their relative degree of develop-
ment and their relative age relations. From the con-
stancy of their relative development and age relations
from area to area, it 1s obvious that the soils at least are
rock-stratigraphic markers from area to area, and the
stronger soils are among the best markers.

The later Quaternary stratigraphic successions of the
Carson Desert, Lake Bonneville, and Sierra Nevada
areas, for example (pl. 12), all have similar soil se-
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quences, in terms of relative age and relative develop-
ment of the soils. In each area, the soils formed during
distinet, widely separated intervals, in response to rela-
tively infrequent combinations of climatic factors that
induced erosional stability and a more rapid rate of
chemical weathering than normal. Stronger soils de-
veloped during the main intervals of lake desiceation
and of deglaciation, weaker soils during the shorter
recession intervals and at other times soil profile devel-
opment was inappreciable. The soil-forming intervals
were periodically repeated parts of whole climatic
cycles—mainly fluctuations in temperature and precipi-
tation—that are manifest in the Quaternary sequences
of each area. The climatic cycles, and the depositional
cycles and soil-forming intervals induced by them,
probably were virtually synchronous over the entire
Sierra Nevada—Great Basin—-Rocky Mountain region
because the whole region probably acted as a climatic
unit during the Quaternary, as it does now. Conse-
quently, the soils are assumed to have formed contem-
poraneously, in other words to be virtually time-paral-
lel, throughout this region. Because they formed
during generally shorter intervals than the intersoil
sediments, the soils are considered to be more precise
time-stratigraphic markers.

The stronger soils are easily recognizable in the suc-
cessions of each area and are the most reliable and
useful markers, providing the basic framework for cor-
relation. The sediments and weaker soils intermediate
in age between the main soils are correlated by match-
ing those units that record depositional cycles, or parts
of cycles, of similar relative age and similar climatic
genesis, that is, by matching units which record early
lake cycles with each other and with units recording
early glacial cycles; likewise, lake-recessional units are
correlated with glacial-recessional units.

It is necessary to emphasize that in using soils for
correlation, the relative development of the individual
soi]s is compared, not their absolute development. A
given soil may vary considerably in its absolute char-
acteristics from one area to another yet be similar in its
degree of development relative to the other soils in each
area. Regional correlation cannot be made on the basis
of a single scil, because it is necessary to compare se-
quences of soils of several ages in each area in order to
determine relative development. Such sequences should
contain at least two and preferably three soils that are
moderately or strongly developed, because weakly de-
veloped scils are unreliable time-stratigraphic markers.
In making the comparison, moreover, the effects of local
environmental factors must be minimized as far as pos-
sible, particularly differences in parent material, slope,
and drainage. Regional differences in climate are the
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principal determinants of soil facies of a strongly de-
veloped soil. They generally cannot be eliminated, but
because they affect all the soils of a given locality in
similar relative degree, they do not alter the degrees
of development of the soils in relation to each other.

To date, soils have been used successfully only for
correlation of late Quaternary deposits, generally those
of Wisconsin and younger age. This is because pre-
Wisconsin soils, such as the Cocoon is thought to be,
generally cannot be differentiated except where they
are buried and in stratigraphic superposition in the
same exposure. i

CORRELATION OF THE COCOON, CHURCHILL, AND
TOYEH SOILS, LAHONTAN VALLEY GROUFP, AND
FALLON FORMATION, WITH LATE QUATERNARY
SOILS AND DEPOSITS IN THE LAKE BONNEVILLE,
SIERRA NEVADA, AND MONO LAXE AREAS

Correlation with the Lake Bonneville area and Sierra
Yevada—Correlation by means of soils and deposi-
donal cycles obviously requires reasonably complete
stratigraphic information in the separate areas to be
sorrelated. Adequate data are available for the Lake
3onneville area from the reports of Hunt and others
1953), Bissell (1952, 1962), Jones and Marsell (1955),
fardley and others (1957), and Morrison (1961b and
:) to enable rather detailed correlation with the late
Juaternary succession of the Carson Desert. Less com-
lete data are available for the Sierra Nevada, in papers
7y Blackwelder (1931), Putnam (1949, 1950), Matthes
1942), and in unpublished field notes by the writer,
ermitting only generalized correlation. -The deposits
f the intervening areas have not been studied suffi-
iently to permit direct tracing of units from one area
> another. None of the mountains bordering the Cax-
m Desert were glaciated during the Pleistocene, the
earest Pleistocene glaciation being in the Sierra Ne-
ada more than 80 miles to the west, and Lake Lahontan
id not transgress any of the moraines,

Plate 12 shows the correlations the writer has devel-
ped between the late Quaternary deposits and soils of
1ese three areas, and the two means of correlation:
irst, soils of similar relative developments are corre-
ted, starting with the three youngest most strongly
aveloped soils; then, between each main soil, the de-
ysits that record depositional cycles of similar size,
' parts of such cycles, are correlated, as are any weakly
swveloped soils.

The Cocoon soil is correlated with the pre-Lake
onneville soil on the upper pre-Lake Bonmeville
leistocene deposits, and with the inter-Tahoe-Sherwin
il in the Sierra Nevada. The Churchil] soi] is corre-
ted with the middle Lake Bonneville soil and the
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inter-Tahoe-Tioga soil. The Toyeh soil is correlated
with the post-Lake Bonneville and post-Tioga soils.
The deposits intermediate in age between these main
soils are correlated as follows: The Eetza formation s
correlated with the Alpine and Bonneville formations
and the main part of the Provo formation of Hunt (én
Hunt and others, 1958) ? in the Lake Bonneville area,
and with deposits of the Tahoe glaciation in the Sierra
Nevada. The Wyemaha formation is correlated with
the disconformity and subaerial deposits of intra-Provo
age in the Lake Bonneville area and with the discon-
formity of inter-Tahoe-Tioga age in the Sierra Nevada.
The Sehoo and Indian Lakes formations are correlated
with the uppermost part of the Provo formation
(above the intra-Provo disconformity) in the Lake
Bonneville area, and with deposits of the Tioga glacia-
tion in the Sierra Nevada. The Turupah formation is
correlated with a disconformity between deposits of the .
Tioga glaciation and of the Little Tce Age of Matthes
(1942) in the Sierra Nevada. The Fallon formation
probably correlates with the deposits of Utah Lake
(Bissell, 1962) in the Lake Bonneville area and with
the deposits of the Little Ice Age of Matthes in the
Sierra Nevada. The first Fallon lake maximum may
correlate with the 4,262-foot strandline above Great
Salt Lake, which Antevs (1952, p. 104) suggests may be

-the highest stand of this lake during his medithermal

age.

g@owelate’on with Mono Lake area—Putnam (1949)
correlated the oldest high-water hemicycle of ancestral
Mono Lake {which he named Lake Russell}, represented
by a faint shoreline at altitudes of 7,170 to 7,180 feet,
with the Tahoe stage, and a somewhat lower and fresher
high shoreline with the Tioga stage. Thus, the older
lake cycle of Lake Russell presumably correlates with
Fetza time of Lake Lahontan, and the younger lake
cyele with early and (or) middle Sehoo time. The
younger part of the pumiceous tuff at Mono Craters
overlies the Tioga recessional moraines and may in
part correlate with the ash parting near the base of the
Turupah formation.

3Meldwork by the writer in 1958 and 1959 in the Lower Jordan
Valley (Midvale-Draper area), Utah, suggested a modification of
Hunt's (in Hunt and others, 1953) interpretation of the lake history
recorded by the Provo formation ag mapped by him in northern Utah
Valley. A major disconformity, a strong soil, and local alluvium were
found intercalated between lower (main) and upper parts of the Provo
formation. The disconformity and soil were traced to alfitudes as
low as 4,330 feet. In addition, two sueccessive miner diseonformities
were identified in the upper part of the Provo formatioh. These data
tndicate that, after o long stillstand at the Provo level (4,820 to
4,800 feet), Lake Bonneviile receded below 4,350 feet, probably to
complete desiccation. The lake then rese:to ahout 4,770 feetf, then
feil below 4,450 feet, agnin rose to about 4,470 feet, next receded
helow 4,375 feet, and then rose to about 4,410 feet, before its final
desiccation.
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COMPARISON WITH PREVIOUS CORRELATIONS OF
LAKES LAHONTAN AND BONNEVILLE

The foregoing differs rather markedly from previous
correlations of Lakes Lahontan and Bonneville, The
previous correlations have been based on coincidence of
inferred lake cycles; the workers assumed that climatic
changes caused the lake fluctuations, and that these
changes were synchronous in the two lake basins because
the whole area acted during the Pleistocene as a climatic
unit, as it does now. These assumptions are accepted,
but the writer disagrees with each of the previous cor-
relations and interpretations of lake history on one or
more points. Previous interpretations of lake history
in the Lake Lahontan area are compared with the
writer’s in a following section, and a similar
analysis for the Lake Bonneville area is in preparation.

Russell (1885, p. 269) and Gilbert {1890, p. 264, 317)
 agreed that the two lake cycles inferred for each lake
were synchronous. They followed King (1878, p. 524}
in believing that this lake history lasted the entire
Pleistocens, and they correlated the two high-water lake
eycles with the two stages of Cordilleran glaciation in
the West and of continental glaciation in the Central
and Eastern States that were then known.

Merriam (1917, 1919) concluded that the first high-
water period occurred during Nebraskan time, on the
basis of the number of extinct vertibrate fossils sup-
posedly from deposits of this period, but this inter-
pretation is questionable (Jones, J. C,, 1925, p. 49-50;
Hubbs and Miller, 1948, p. 24; Schultz and others,
1951, table 1}. At the opposite extreme, J. C. Jones
(1925, 1929) concluded that Lake Lahontan was far
younger than the high-water periods of Lake
Bonnerville.

Antevs (1945, 1948, 1952) believed that Lakes Lahon-
tan and Bonneville both had only two high-water hemi-
cycles in Wisconsin time and correlated “Lake Lahon-
tan proper” with “Lake Bonneville proper” and the
Tahoe stage, and the “Dendritic Lake” with “Lale
Provo” and the Tioga stage (fig. 38). This
tmplies correlating the Selico formation with the whole
Protvo, and the Eetza formation with the Bonneville
formation alone. Antevs inferred only partial reces-
sions in middle Lake Lahontan and middle Lake Bonne-
ville time and he correlated with each other these two
lower lake levels, which he called the Thinolite and
Stansbury I Lakes, respectively.

Deevey’s correlation of the two lakes (1953, p. 297)
follows Antevs’ interpretation of lake history and his
correlation.

EVIDENCE ON ABSOLUTE AGE

Age from rate of salt accunmwlation——Russell con-
sidered determining the age of Lake Lahontan from the
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rate of salt accumulation (Russell, 1885, p. 224-2927),
Ie concluded that the salinity of water in Pyramid,
Winnemuecca, and Walker Lakes was much less than it
should be if these lakes were the concentrated residues
of the former great lake. He therefore postulated a
post-Lake Lahontan interval of complete desiceation,
during which the salts were precipitated and largely
buried beneath sediment. The present lakes formed
anew after this desiccation, he believed, and their pres-
ent salt content accumulated since that time. Although
Russell had few chemical or stratigraphic data, sub-
sequent studies have confirmed his inferences.

J. C. Jones (1925} later applied this method in more
detail, and arrived at an estimate of about 2,000 years
(op. cit. p. 42, 47} or 3,000 years (op. cit., p. 4) for the
total age of Lake Lahontan, and about 1,000 years ago
for the lake maximum. Modern stratigraphic correla-
tions and radiocarbon data indicate that these ages are
much too low, probably by a factor of 20 to 50 times.
Jones was also in error in assuining that the lakes had
never gone dry since their inception.

Antevs estimates—Antevs has presented (1945,
1948, 1952) a detailed chronology based on extensive
geochronologic research. His latest estimates (1952,
1955) place the Bonneville-Lahontan Lake maximum at
perhaps 55,000 to 60,000 years ago, the Provo-Dendritic
{early Sehoo) lake maximum about 24,000 years ago,
the middle Sehoo maximum about 18,000, the late Sehoo
maximum at 10,000, and the first medithermal (Fallon)
lake maximum at 3,500 years ago. Antevs’ altithermal
age corresponds to Turupah and Toyeh time of this
report, and his medithermal age to Fallon time.

Radiocarbon dating.—By the end of 1956 * a dozen
published radiocarbon dates were available from young
deposits at four archeologic sites near Lake Lahontan
but outside the map area. Figure 39 lists them and their
relations to associated deposits and archeologic cultures.
On the basts of these dates, the archeologic chronology
determined by Heizer (1951, 1956), the estimates by
Antevs (1945, 1948, 1952), and the writer’s correlations,
Fallon time is estimated to have lasted from about 2,000
B.C. to the present, the Toyeh interval from 3,000 or
2,500 B.C. to about 2,000 B.C., and Turnpah time fromn
5,500 or 5,000 B.C. to about 3,000 or 2,500 B.C.

The bearing of the two oldest dates, 9,249 B.C. at
Leonard rocls shelter and 8,950 B.C. at Fishbone Cove,
on late Lahontan Valley chronology is uncertain, as
the material directly beneath the dated samples can-

4By the end of 1959, 61 C,, age determinations had been ruo on
samples from the Lake Lahontan area, 11 from tbe southern Carson
Desert, -Some of these dates seem to fit reasonably well into the cor-
relation scheme proposed in this report and the currently most gen-
eally accepted chronolegy, but others do not, and several internal in-
consistencies are clearly evident.
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E X rockiall; no occupation
o by man {entrance closed)
L sonp 5, ¢, E N YU
H
g o Bat guano {partly burned),
£ # with some rockiall, asd [ 67 10300 B.C.
2 e = Humboldt Culture arti- {guano)
roo0 B¢l |E E facts
= g S
5 ]
gl “ & Sand, silt, woody materia);
2 occapation debris
lsooo s cf {8 £ j—-]
-
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&9000 B, G *9249570 B. C. L"\-‘\_,_.\,\ '8950(‘_"302 B.C.
Lt L e e e TR AND at~—-—1 e e ™ w _\‘-@E\},\ﬂ
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1 Leonard recksheiler, Lovelock Cave, and Rumbolét Cave are op
ihe northern side of the West Humbaldt Range, near Humbeld! Sink
and Lovelock, Mev. Fishbane Cave is on the Northeaslern side of
Winnemucca Lake, Nevada.

? vertical scate indi imate ch
not retalive thickness of deposis,

3 Undetlined radiotarban dates are from artifscs.
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IMeore 39.—Radlocerbon dates from the Lake Lahontan area, with geologic and archaeologic afliations and correlations.
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CORRELATION AND AGE OF THE QUATERNARY DEFPOSITS AND SOILS

not be correlated accurately. The samples may repre-
sent either the late or the middle Sehoo lake, as they
lie close to the altitude of the late Sehoo lake maximum.
If these radiocarbon dates are correct, they correlate
approximately with the Two Creeks interval (as used
by Flint, 1947) of late Wisconsin time In the North-
Central States, suggesting that the immediately under-
lying sediments of Lake Lahontan (either the den-
dritic or the lower member of the Sehoo formation)
correlate with the Cary substage in the North-Central

States.

GENERAL DEDUCTIONS ON LATE QUATERNARY COR-
RELATION, CLIMATIC HISTORY, AND SOIL DEVEL-
OPMENT IN THE NORTHERN GREAT BASIN AND

ADJOINING MOUNTAINS

The following general deductions are drawn from
‘the data on stratigraphy and climatic history of the
Carson Desert area, from the correlation of the Quater-
nary deposits of this area with those of the Lake Bonne-
ville and Sierra Nevada areas, and from the inferred
Inke and glacial fluctuations.

SYNCHRONY OF THE FLUCTUATIONS OF LAKES
LAHONTAN AND BONNEVILLE

Plate 12, which correlates the deposits, soils, and
lake and glacial fluctuations of Lake Lahontan, Lake
Bonneville, and the Sierra Nevada, was constructed
by first correlating soils of similar relative develop-
ment in each area, then between these main soils, cor-
relating deposits that record depositional cycles of
similar size. If this diagram is correct, it appears that
Takes Lahontan and Bonneville fluctuated practically
in unison; oscillations of similar relative magnitude
were synchronous whether they were major or minor
lake cycles, or partial or complete lake recessions.
Differences between the two lakes in relative heights
of lake cycles of the same age occurred mainly because
TLake Bonneville overflowed during its second, third,
and possibly fourth lake maximums. If the fluctua-
tions of both lakes were coincident, they could only
have been due to closely similar climatic changes
throughout their combined drainage areas, and the
record of climatic changes which is preserved in the
stratigraphic sections of the lake basins probably is
Tepresentative for a large part of the Western United
States.

RELATIONS OF THE LAKES TO MOUNTAIN
GLACTATION
~ From the correlations diagrammed on plate 12,
© it seems that the fluctuations of Lakes Bonneville
- and Lahontan were virtually synchronous with oscilla-
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tions of glaciers in the Sierra Nevada, and that fluctu-
ations of a given age were similar in relative magnitude
in both lakes and glaciers. Big lake cycles were coeval
with big glacial cycles, small lake cycles with small
glacial cycles (where the records are reasonably com-
plete}, and desiceation intervals with times of degla-
ciation.

The stratigraphic records in the lake basins seem to
give a more complete account of the lake fluctuations
than those in the mountains give of the glacial oscilla-
tions. The lake record gives indirect evidence of several
small glacial oscillations not yet recognized in the gla-
cial record. For instance, the two major lake cycles
during Eetza time suggest that the Tahoe stage of
Blackwelder (1931} in the Sierra Nevada was not a
single glaciation, but two, with an intervening short
glacial recession. Similarly, the 3 lake cycles and 2 re-
cessions during Sehoo time probably were parallel with
similar oscillations of the mountain glaciers, although
at pregsent only 2 glacial substages and 1 interglacial
substage are recognized in the correlative Tioga stage
of Blackwelder (1931) in the Sierra Nevada, In par-
ticular, the upper member of the Indian Lakes forma-
tion and Harmon School soil record a time of practically
complete lake desiccation and moderate warmth during
the later part of Sehoo time; this interval probably was
coeval with an interglacial interval in the western cor-
dillera, although it has not yet been specifically identi-
fied in the glacial record.

The long-lasting desiceation and warmth of Wyema-
ha-Churchill tine, indicated not only by the Carson
Desert record (p. 99) but also by that in the Lake
Bonneville area (Bissell, 1952; Durrant, 1952, p. 493
496 ; Jones, D. J., and Marsell, 1955, p. 98-99), strongly
suggests that this was a time of complete deglaciation
of the Sierra Nevada and Rocky Mountains—a true m-
terglacial stage, not merely an interval of partial glacial
recession as Antevs (1945, 1948, 1952) postulated.

5

TIME AND CLIMATE IN SOIL FORMATION

Téme—This investigation has shown that the soils
associated with the late Quaternary deposits are of sev-
eral geologic ages, each fairly short, distinct, and sep-
arated by long intervals of negligible soil formation.
Data on the absolute duration of the older soil opti-
mums are not available, but the available stratigraphic
and chronologic data suggest that the soil optimums
were probably shorter than the intervals between them.
For instance, no significant soil development took place
durmg the time between the Cocoon and Churchill soil
optimums, yet this interval~-all of the Eetza and Wye-
maha time—was certainly many thousands and prob-
ably several tens of thousands of years long. Likewise,
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he only appraciable weathering profile formed during
he tims between the Churchill and Toyeh optimums
vas the very weak Harmon School soil that formed dur-
ng & brief optimum; yet ascording to Antevd chro-
wlogy (1933) the whole interval between Churchill and
Fayeh may have been more than 20,000 yearslong. The
Coyeh interval, in contrast, may have been only o few
wndred years long {fig. 89). During the subsequent
4300 years or so to the present, only the very
veak L-Drain soil formed, within its optiraum of per-
1aps several hundred years,

Many soil scientists consider that the total age of a
oil (time elapsed since it started to form) is a true
neagure of time as 2 pedogenic factor. The inferences
diven, above do not support this view. A simple dem-
mstration that it is fallacious can be made by compar-
og buried and relict occurrences of the mors strongly
leveloped (Cocoon, Churchill, and Toyeli} soils: invari-
bly the profiles are almost identical, showing that each
oil formed during a definite limited interval of past
ime.

A corollary deduction is that the rate of soil-profils
avelopment has varisd greaily. Soil development ob-
iously wag much more rapid during the soil-forming
ntervals than during the long intervening times. In
iew of the aridity of the Carson Desert area, it might
o thought that the infrequency and brevity of the
trong soil-forming intervals iz purely local pecu-
arity. That this is not so is shown by the strati-
raphically distinet soils, separated by deposits span-
ing long intervals of little or no soil formation,
- wide variety of other areas (sueh as the Sierra
levada} that represent very different eclimatic
nvironments.

Climate—The absence of soils that are coeval with
18 lake intervals shows that the climate of these times,
mtemporaneons with glacial intervals in the Sierra
‘evada and probably wetter and colder than now, was
ot condusive to soil development. The negligible soil
»rration in post-Toyeh time, when climate has flue-
1ated within a small range of present values (p. 108) ;
ltevs, 1948, p. 1791825 1952, p. 104-108), shows that
ie elimate today is unlike that during which principal
sle formed.

The strongest soils—Cacoon, Churchill, and Toyeh-—
srmad during intervals that seem to have been some-
hat warmer and wetter than now (p. 97, 100, 108).
hough the actual temperature increases probably were
1y a few degrees above present mean annual tempera-
e, their effects in increasing the rate of goil develop-
ent seem to have been considerable. The fact that soil
srmation was negligible during the lake intervals indi-
Aes that higher temperature was more critical in

increasing the vate of soil development than higher
precipitation. This would explain why the stronger
soils formed during the warmer desiccation intervals,
which ars correlated with interglacial stages (not with
glacial stages, as Moss {1951, p. 40, 78) has suggested).

The general aridity of the Carson Desert illustrates
the importance of moisture in soil formation. The
lack of soil development during Wyemaha and Turu-
pah times probably was due to the warm parts of these
intervals heing extremely arid, thus severely inhibiting
chemical weathering processes. Apparvently a certain
moderate amount of moisture is needed for active soil
formation to take place, but given this critical amount,
further increase in moisture may be less of an accelerant
of soil formation than increass in temperature, The
dominance of temperature as a soil-forming factor ex-
plains why the soils are good fime-stratigraphic mark-
ers, for climatologists vecognize that temperature flue-
tuations gare far more regular in geographic scope than
precipitation changes.

BCONOMIC GEOLOGY

No comuercinl metalliferous deposits have baen dis.
covered within the map area. Bmall quantities of nat-
ural gas (methane) issne from many wells in the low-
lands, but possibilities of commercial accumulations of
pither natural gas or petrolemm seem remote. The
principal economic mineral resources are sand, gravel,
pumice, perlife, bentonite, diatomite, salf, borax, and
soda.

HATURAL GAS AND PETROLEUM

Gecurrences of natursd ges—~Hydrocarbon-bearing
natural gas issues from move than two dozen wells that
have been drilled sither for water or as test wells for
oil and gas. These wells are in a northeastward-
trending belt 5 to 10 miles wide that extends from 114
miles west of Carson Lake to abont 10 miles north-
east of Stillwater (pl. 2). A few wells have estimated
vields of several hundred cubic feet of gas per day,
but most yield much less. Several of the better pro-
ducers, located mostly near Stillwater, have in the past
supplied gas for heating and cooking at nearby ranch
houses, but in 1947-50 none were still in use.

Only some of the gas-producing wells yield inflam-
mable gas, and even fhis ssems to be considerably di-
tuted by air. Methane is the principal hydrocarbon,
although af least two walls yleld small percentages of
ethane and higher hydiocarbons {fables 8 and 9).

Most wells are less than 800 feet deep; their gas
comes from highly organic sediménts in the Wyemaha
formation. Some of the deeper wells may derive gas
from pre-Lake Tahontan Quaternary sediments, but

i
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there has been no production from pre-Quaternary
rocks.

TasLe 8—Oombustion (Orsat iype) onalyses (in percent) of
natural ges from two wells near Stilhwater, Nev.

[All samnples collected by R. W. Richards and J. Iliram Smith, U.8. Geolopical
Survey; laboratory sample number is in parentheses]

Well 1 Weil 2
Constituent or property

Sampie A Sample Bt Sample A | Sample B

(B.M, 4192) (47-G-8) {47-G-5) {1-G-T)
Carbon dioxide .. __.____. 0.8 1,65 (1.65) 1.75 1.72
Methane (CH)oowmoeeeocpm e f1.8 40.21 (47.18) 8,48 12.08
Ethane (CaH:s) and higher

hydroearhons. .woooceeuuo 1.4 15.88 (10.45) 4,38 .81

Nitrogen (by difference}___.. 35. 4 42,58 (40,72) 87.39 84,90
OXVEBN e e .6 1] ] .49
Specific gravity (air=1)_..._ 0717 0.824 (9.789) Q.67 1.932
Btu (calenlafed) .. .o___.... 2451 3 089 (663) 158 137

! Recomputation by R. K, Bailey, U.8."Geological Survey, from original laboratory
datns (in parentheses).

2 Btu per cubic fool of dry gas at 60° I and pressure of 30 inches of mercury.

% Gross Btu at 60° F and pressuere of 16.025 Ibs per sguare inch.

WELL 1.—Flowing well producing combustible gas, on the Elmer Weishaupt Ranch
in see, 1, T. 19 N., R. 30 E., near Stillwater, Nev, Two 1-gallon saz:ples were
collected by water displacement on November 27, 1946,  Sample A was analyzed
in January 1946 by the U.S. Bureau of Mines Qil and (3as Laboratory, Amarillo
Tex, Sample B was anatvzed January 3, 1947, by J, D. Clark, U.S5. Geolug'icai
Burvey. This well was drilled about 1926 by Tex Reymnolds of Fallon, to a depth
of about 200 fect and cased to shout 150 feet with 3inch casing, Water at about
%S“ Fhissues from tho well and is used for domestic purposes at the Weishaupt

anch.

WELL 2.—At L. H. Greenwood store, Stiflwater, Nov,, 520 fcet east and 600 feet
north of the 8W cor, see, 7, T, 19 N., R, 31 E. Two l-gallon samples were collected
October 27, 1946, Sample A was anatyzed Nevember 20, 1946; sampie B was ana-
lyzed Jannary 20, 1947, both by J. D. Clark of the U.8, Geologloal urvey, This
wetl was drilled in 1673 by Robert Coombs to a depth of 230 feet and cased {o more
than 100 feet, It flows several gailons per minute. The water has a temperature
of 180° ¥, and it was used for heating the store in 1947, A noncombustible ges,
Laving a fint gasoline odor, accumulates in the radiator; the two samples were
taken from overnight radiater accumulation.

TABLE 9.—Analyses (in pereent) of natural gas from two wells
9 miles south of Fallon

Well A Well B
Constituent or property Percent Constituent or property Pepeent
or vajue or value
45, & 9.7
.2
1.47 97.0
88.31
.0
Ethane . cocooo_. — .22
(by differcnce) 2.1
Propane and beavier hy- Tr. | Helizmn (by separate anal-
carbons, ¥sis). . 001
Specific gravity (eatoulated)_ .. 0. 669 | Specific gravity (calculated). . 0.871
Btu (calculated) Lo .. __.o 998 Btu (cafculated) ! ... _.....| 085

1 Btu per cubic foof of dry gas at 60° F. and pressure of 30 inches of mareury.

Norte—The wellsate on the Jonesand Jewell Ranch, one {well A) in the SE1{EW 14,
and the ather (well B) in the SWNW4, of sec. 18, T. 17N, R. 29 E, Both wers
drilled prior to 1908, well 4 to a depth of 256 feet snd well B to a depth of 255 or 265
feet, Both flow several gailonsa minute of slightly mineralized (sodium carbonate}
water and produce several hundred cubic feet o day of combustible gas, The pag
sampie from well £ was collected July 1946 by J. 8, Tohnson of Fallor and analyzed
August 24, 1946, by Smith-Emery Co., Los Angeles. It probably was contami-
nated by air, The gas sample from well B was collected November 27, 1946, by
J.J. Hiram Smith, U.8. Geological Suzvey, and anslyzed (by combustion) Jen-
uaryl1947 by the U.S. Bureau of Mines Oiland Gas Laboratory, Amarillo, Tex.

The first recognition of natural gas in the area was
In 1865, when an oil claim was filed on a gas seepage at
Soda Lake. This seepage apparently now is inundated
by the 55-foot rise of Soda Lake since development of
the Newlands Reclamation Project. Two other re-

ported former gas seeps, one in the SW1/ sec. 27, T. 19
N, R. 28 E., and another in the SW1,N'W1j sec. 11, T.
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18 N,, BR. 29 E., have been covered and lost hecause of
field leveling.

O ceurrence of petrolewm.—In 1911-12, a 909-foot test
well (Timber Lake well) was drilled for the .S, Geo-
logical Survey in sec. 30, T. 21 N., R. 30 E., about 14
miles northeast of Fallon, as part of the program of
exploration for potash in the basins of the arid south-
west. The log of this well (Gale, 1913) mentions that
oil spots were observed in the sludge water at five hori-
zons. These horizons probably are of Wyemaha and
(or) pre-Lake Lahontan Quaternary age. This is the
only substantiated occurrence of petroleum in the area.

From 1919 to 1923 there was much excitement over
the oil possibilities neatr Fallon. Several oil companies
were promoted, and over a dozen test wells were drilled
to depths ranging from a few hundred to 3,200 feet.
Although some of these wells were alleged to have
shows of oil, none of the reports have been substanti-
ated, and most of them seem extremely unlikely. A
few of the wells yielded minor amounts of gas. In
later years repeated attempts were made by promoters
to lease land for wildeat drilling, and since 1947 geol-
ogists of several leading oil companies have visited the
area, but to 1958 no further drilling for oil or natural
gashad been done.

The very small amounts and relatively low quality
of the natural gas yielded by wells to date show that
there is little chance of finding commercial accumula-
tions of natural gas m the Quaternary fill. The possi-
bilities of commercial supplies from the Tertiary and
pre-Tertiary rocks of the area have not been adequately
explored, but they are not encouraging.

MINERAT. DEPOSITS

Metalliferous deposits—The only known metallifer-
ouns deposits are in the southern half of Rainbow Moun-
tain, where weakly metallized quartz veins oceur locally
along faults in the basalt and dacite of Rainbow Moun-
tain. Several small prospect workings have explored
these veins, They are reported to have encountered low
values in silver and gold, but apparently nothing of
workable grade; none of them have had any
production.

Puymice—Pumiceous tufl is fairly widespread in the
Truckee formation, but little of it is sufficiently pure, of
proper size grade, and of high enough compressive
strength to be desirable for concrete aggregate. In the
northern part of the saddle between Rainbow Mountain
and Sehoo Mountain, however, is a deposit having ex-
cellent characteristics. This deposit was opened in 1951
by the Fallon Concrete Products Co. of Fallon and is
the source of the pumice used by this concern for its
pumice-concrete building blocks.
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Perlite~—The vitrophyric flows in the upper part of
the Eagles House rhyolite in the southern part of the
White Throne Mountains locally contain perlite of
possible commercial utility. One deposit in the SHE14
sec. 16, T. 16 N., R. 20 E., has recently been prospected
on a small scale by the U.8. Gypsum Co. and is said to
have material that expands well on heating.

Diatomite~—Diatomite occurs in the upper parts of
‘he Truckee formation in several places, but most is of
soor quality. One of the best deposits is in the north-
sastern part of the Desert Mountains, in secs. 23 and 24
(unsurveyed), T. 16 N., R. 29 E. The diatomite crops
sut along the hillsides and has been explored by several
short adits, shallow prospect pits, trenches, and two
Irilled wells, one 60 and the other 80 feet deep. Two
seds of nearly pure diatomite 8 feet or more thick are
ixposed, as well as several thinner beds of nearly pure
mnd several of impure diatomite; the total exposed
hickness of diatomite aggregates at least 80 feet. One
f the wells cut 24 feet of diatomite and the other 30
‘eet. Omly a small part of the deposit is available for
urface mining, however, the remainder being deeply
mried by higher beds of the Truckee formation and
iy lavas of the Bunejug formation.

Soda—The highly saline waters of the two Soda
sakes, Big Soda Lake (or Soda Lake) and Little Soda
alke, have produced considerable amounts of sodium

arbonate (or soda, mineralogically known as trona)
n the past. Russell (1885) estimated that the water
f Big Soda Lalze held -about 2 million tons of salts, in-
luding 428,000 tons of sodium carbonate, 842,000 tons
Tsodium sulfate, and 1,248,000 tons of sodium chloride.

Soda was discovered in Little Soda Lake in 1855 by
.52 L. Kenyon. In 1868 Kenyon sold his claims at
ais lake to Higgins and Dufl'y, of San Franecisco, Calif.
‘he latter organized a company and began production
fsoda. A force of about 5 men prepared about 60 tons
very month, which brought $55 to $65 a ton. This
robably was the first important production of soda
t the West. '

Soda was produced from Big Soda Lake from 1875
» 1893. The combined annual yield from both lakes
stween 1868 and 1893 ranged between 300 and 800
ms of soda ( Vandenburg, 1940, p. 43). The extraction
rocess is described by Vandenburg (1940, p. 44-45).
ince 1901, levels of both Iakes have risen (about 55
et at Soda Lake) because of general rise of the water
ble with development of the Newlands Reclamation
roject, completely inundating the wvats, machinery,
1d buildings formerly used for extracting the soda.

Borax—In the part of Eightmile Flat adjoining the
rtheast tip of the Bunejug Mountains, are many
line seeps and small springs whose waters have im-
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pregnated the surrounding ground with borate minerals. .
The chief mineral is ulexite, a hydrous borate of sodium
and calcium which commonly occurs in the form known
as cotton balls,

According to Vandenburg (1940, p. 40, 41-42), the
borax deposits were discovered in 1869 and were
operated in 1870 and 1871 by the American Borax Co.,
at a capacity of about 1 ton a day. The material worked
averaged about 10 percent borax, although some
yielded as much as 30 percent. Production ceased in
1872 because of a drop in price.

In the late 1860’s borax was discovered in the water
of Big Soda Lake by William Troup. About 1869
Troup and associates attempted to produce borax from
this lake but the venture failed.

Guano.—Several of the caves carved by Lake Lahon-
tan have been worked for small deposits of bat guano.
Most of these caves are on the north sides of Eetza
Mountain (Pienic Cave, Hidden Cave, Fallen-in Cave,
and Burnt Cave) and Sehoo Mountain (Fish Cave),
Most of the extraction was done between 1930 and 1940.
The largest caves are said to have yielded a hundred
cubic yards or more of guano apiece, which was used
locally for high-grade fertilizer. The guano mining
unfortunately destroyed most of the superb archeologic
record that the caves formerly held.

Bentonite~—Much of the lake clay in the basin in-
terior, particularly that in the Sehoo formation, con-
sists largely of montmorillonite, the chief clay mineral
in bentonite. Practically all the clay contains a high
percentage of calcium, however, and is of low-swelling
type. High-sodium clay with high-swelling proper-
ties—true bentonite—occurs locally along the east edge
of the Hot Springs Mountains, and it may also be pres-
ent in other areas where the gronnd water is highly
sodic.

CONSTRUCTION MATERIALS

Sand and gravel—Many deposits of sand and gravel
have been worked for road metal, concrete aggregate,
and similar uses, but most are small. The best gravel
deposits are the lowest gravel spits and bars of Lake
Lahontan near the edges of the mountains. The largest
within the map area are the embanlments along the
north front of the Desert Mountains and the spit that
extends more than 2 miles southward from the south-
west edge of the Bunejug Mountains, but these have
not yet been worked. Lesser deposits include the fol-
lowing: a spit at the northwest tip of the Bunejug
Mountains, which has been worked intermittently for
gravel by the Dodge Construction Co. of Fallon; spits
at the north edge of these mountgins; bars in the sadle
at the west end of Wyemaha Valley, which furnished
many thousands of cubic yards of fill for runways at
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the Fallon Naval Air Station in 1952; and a spit at the
northwest edge of the White Throne Mountains, where
a gravel pit operated by the Nevada State Highway
Department is located.

Workable deposits of clean coarse sand are confined
mainly to ancient delta or chanel deposits of the Carson
River. A delta deposit of the upper memnber of the
Sehoo formation in the NW14 sec. 26, T. 19 N, R. 28 E.,
was being worked in 1950-51 for sand for concrete
blocks by the Fallon Concrete Products Co. Several
small sand pits also have been opened in alluvial sand
of the Turupah formation a few miles southeast of

Fallon.
GROUND WATER

The Carson Desert area is generally unfavorable for
large supplies of subsurface water of good quality.
Springs are few and small, wells generally have small
_ yields, and much of the water is highly inineralized.

Springs.—-All the springs and large seeps seem to be
situated at faults, and hence are probably artesian.
Four small springs, yielding a fraction of a gallon per
minute of slightly brackish water, are located along
the Wildecat fault zone: 2 in sec. 17, T. 17 N, R. 30 E.,
1 in sec. 29 of this township, and another in sec. 4,
T. 16 N., R. 20 E. Three springs are situated along the
fault zone that bounds Eightmile Flat on the south: the
2 “Rock Springs” and another half a mile to the south-
west. The water is too brackish for human consumption
but can be drunk by animals. Near the west edge of
Eightmile Flat are several seeps and very small springs
that yield highly saline water.

The interior of the Carson Desert is practically de-
void of springs. Small springs of potable water, yield-
ing less than 1 gallon per minute, occur about 1 mile
northwest of Papoose Lale and 2 miles west of the
southern part of Upsal FHoghack.

Wells—Wells are largely confined to the farming
area. Iiven the better ones have relatively small yields,
adequate for domestic and stock use but not for exten-
sive irrigation. Stringers of alluvial sand and gravelly
sand of post-Sehoo channels of the Carson River locally
furnish small supplies to shallow wells, but such water
is liable to_pollution. Near the Carson River these
channel sands generally have water of better chemical
quality than the deeper ground water.

The prineipal aquifer throughout the basin interior
is the Wyemaha formation, and the yields and quality
of the water vary with facies changes in this formation.
The most copious yields and those of the best quality
are obtained within a few miles of the Carson River
west of Fallon, where the Wyemaha contains many
stringers of gravel and sandy gravel. Fartler in the
interior of the basin moderate yields of fair quality com-
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monly are obtained from beds of lake sand in the upper
part of this formation, but locally the only water either
has a strong hydrogen sulfide or organic odor, or it is
too saline to be potable. In some parts of the basiu,
notably near Carson Lake and Stillwater Slough, the
Wyemaha formation is mostly silt and clay, yields little
or no water, and the water generally is highly saline.
Many of the wells that are deeper than 100 feet flow at
the surface, yielding a fraction of a gallon to several
gallons per minute.

Only small supplies have been obtained from the
deeper Quaternary fill and conunonly the water is high-
Iy mineralized. The wells from which the city of Fallon
obtains its water (for example, well 191, table 12)
are exceptions: they derive their water from basalt that
may correlate with the basalt of Rattlesnake Hill.
Their water is remarkably low in salt content for deep
ground water in the interior of the basin.

Several of the deepest flowing wells near Stillwater
yield hot water. The well at Greenwood’s store lhas a
temperature of 190°F and was formerly used for heat-
ing the store. This well is only about 230 feet deep,
hence the high temperature of the water probably is
due to artesian flow from much greater depth along
faults into the aquifers which supply the well. This
part of the basin is believed to have had recurrent
Quaternary faulting.

Several decades ago, a well drilled at the site of an
extinct hot spring 3 miles northeast of Soda TLake
encountered so much steam that drilling was stopped
at o depth of about 60 feet; the well still furnishes steam
for a bathhouse.

Although searcely utilized at present, the natural hot
water and steam obtainable from wells in these thermal
areas are 8 potential industrial resource.
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STRATIGRAPHIC SECTIONS, SOIL-PROFILE SECTIONS,
AND WELL LOGS

TaBLE 10— Stratigraphic seclions in the southern Carson
Desert area

Seetion 1

Sec. 156, T. 21 N., B. 30 E. FExposed by trenching scarp of large

deflation basin; aliitude 3,880 5 feet.

Thickness Depth

(feet) (feet)
Fallon formation: Sand, lake and eclian____. 2+ 2+
Disconformity: erosion surface.
Sehoo formation:
Lower member:
1. Clay, olive-green-gray. Lacus-
trine. oo e 6+ 8%
2, Sand, fine, rust-brown, locally
indurated. Lacustrine___._. .24 8 24
3. Clay, olive-green-gray, ostra-
codes disseminated and in s
in.-thiek lenses of fine sand;
slightly laminated locally. La-
custrine . _ ..o 2+ 10. 24
4. Ash, voleanic, white, silt-sized.
Lacustrine ..o o.o.___ L1+ 10. 3+
5. Clay, similar 10 3 oo oo oo __ 1+ 1. 3%
6. Band, fine, rust-brown, abun-
dant ostracodes. Lacustrine__ .15 11, 54:
7. Clay, similar to 3; % in. white
voleanic ash parting about
1.5 ft below top. Lacustrine.. 3.5% 15. 0%

Base not exposed.

Section 2

800 feet south of NW cor. sec. 81, T. 81 N., B. 29 E. Auger
hole at south edge of playa embayment southwest of Carson Sink;

alttiude 8,888 + 3 feei.
Thickmness

Depih
(feet)

(feet)
Fallon formation:

Upper member;

Clay, silly, saline, light-gray. Dis-
continuous lag gravel on surface:
fragments of tan lithoid tufa (basin-
interior lithoid tufa of lower mem-
ber of Sehoo formation). Lacus-

0.5+ 0.5%
Disconfoermity.
Wyemahsa fermation:

Sand, medium, weil-sorted, deep-rusty-
yeliow in upper part, downward more
and more gray. USomewhat limonite-
and ealcium carbonate-cemented in
upper few inches. Lacustrine___._._____
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TaBLE 10.—Stratigraphic sections—Continued TaBLE 10.—Sfraiigraphic sections—Continued
Section 2—Continued Section 4
maha formation—Continued T?}G‘fg)” (‘?;gf; NE\{ sec. 88, T. 21 N., R. 80 E. Siratigraphic section exrposed
Sand, medium, some coarse sand and grit, on south side of large deflation basin about 214 miles east of Timber
somewhat silty and clayey; many dark Lake. Top of section, allitude 3,885 £ & feet. )
basaltic or andesitic granules; dark Fallon formation and{or) Turupah formation: T’E}”ﬁ;‘;‘)’” (1}32,‘5
brown-gray. Lacustrine_____ .. _______ L5 4, 5+ 1. Sand, fine to medium, dark-gray, much
Like above but less silty and clayey, and coarse sand and granules, brown-
better sorted oo __ 1.5 6 0L gray and black limestone fragments.
Sand, fine, and silty fine, dark-gray. La- ) E?ll-ﬂ-l’] """""""""""""" 20 2
custrine_____. e e e e e .5 [ D]sconform]t)_"
Clay and silty clay, dark-gray to nearly Seho?_;::?iiﬁger_
black. Lacustrine. .. ... 1.0 7.5% 2. Clay, medium- to dark-olive-gray;
3and, medium, some coarse, very clayey blocky; ostracodes; some len-
(clay decreases downward, sand becomes . ticular partings of ostracode-
cleaner) ; very dark gray. Lacustrine__ 1.0 8 5% rich fine sand as much as 3 in.
Base not reached. thick. Lacustrine_____.._____ 50 7
3. Sand, fine, tan; lacustrine...._._._ .05 7.05
4, Clay,same 88 2_ __________wrau_ .1 7.15
5. Band, laminated yellowish-brown,
Section 3 gray, and black, poorly sorted,
well-indurated, laminae Y% in.,
probably basaltic. Lacustrine. . 25 7. 4
B4NWY; sec. 80, T. 21, N., B. 30.E. Stratigraphic section 6. Clay, same as 2, blocky to lami-
ed in west bank of Carson River (artificial cul lo siraighien nat.ec}; some brown and black
2).  Top of section, altiiude 3,882 + 5 feel. stz.umng on fractures. Lacus-
trine e 1.9 9.3
7. Ash, volcanie, silt-sized, white to
) formation: . pale-gray. Lacustrine_____._. .25 9. 55
“ower member: T n’(ﬂfr-;igess %}ﬂ)ﬂ g gla:,crl, Sﬁametas 2{) _______ c_l _______ 1.0 10. 55
. . Sand, fine, tan, brown and orange-
Cli{; Lugéll_';:;green»gray ; ostracodes. 225 254 brown, iaminated; ostracodes
"""""""""""""" " ) abundant. Lacustrine________ .15 107
Sand, . brown to gray, laminated, 10, C_[a,y} sAME BS 2 e —ee— LT 11, 4
laminae g to % in. Lacusirine__ .3 28% 11. Ash, voleanie, white, ... __ Line
Clay, olive-green-gray; ostracodes, N 12, Clay, same 88 2_ oo o ___ 14 12. 8
some pebbles to ¥ in. diameter; 13. Ash, voleanic, white. . _._______ Line
brown staining along fractures; 14. Clay,same as 2_____._______.__ 4.0 16. 8
prismatie jointing. Lacustrine___ 2.3 51+ | Wyemaha formation:
Ash, voleanie, silt-sized, white, La- 15. Sand, fine, rust-brown (base not ex-
CUSEIENE - - o e .6 57+ posed). Lacustrine_.____...._.. 1.0 i7. 8
Clay, olive-green-gray; ostracodes. Section 5
Lacustrine . _ . . __ oo - 1.0 6.7+ SWY sec. 18, T\ 20 N., R. 30 E. General section in bank of
Sand, medium, brown; ostracodes. channel connecting Likes and Papoose Lakes; top, altitude aboul
Lacustrine _._______..__________. .16 6.9+ | 8900 feet. Thiciness  Depih
Clay, olive-green-gray, somewhat Fallon formation: . (fect) (feet)
laminated, slightly mottled, brown Sand, coarse, medium, and fine (highly
along fractures; a few lenticular qua_.rt.zose), loose (uncemented}.
ostracode coquina partings, two tha_n AN oo 0.1x 0.1=
white voleanie-ash partings 7 and Disconformity.
17 in. from top. Lacustrine____. 6.3 13.2x T“(rupghd)f"rmaﬂon, bearmg Toyeb  soll
eroded):
» nearly Eevcfl, regular contact. Sand, very fine, fine, and medium and
wba formation: coarse pebbly sand, interbedded;
and, medium, well-sorted, light- to slightly micaceous; pebbles rarely to
medium-gray, mottled rusty yellow; 14 in. diameter; iron and manganese
upper 4 in. has several dark-brown stains in coarse beds; strongly cross-
ostracode-rich partings. Below, largely bedded. Eolian. Top several inches
quartz grains; wide variety of roeck- poorly sorted, with moderate soil
types in nonquartz fraction, similar to ¢aleium carbonate concentration
those in present bed of Carson River. {eroded C.. horizon of Toyeh soil);
Lacustrine .. __ o cmcmceeeen 24 15 2+ remainder is moderately well sorted
ase not exposed., and free of caleium carbonate_..._.. 2.3+ 24+
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TaBLE 10.—Straiigraphic sections—Continued
Sectton F—Continued

Unconformity representing subaerial erosion. T’g%’;’t’)"” Depeh
Sehoo formation:
Upper member:
Sand, very fine, tan; some iron oxide
nodules. Lacustrine______..___ 0-1+£ 3. 44
Clay, brown; gradational lower
boundary. Lacustrine_..______ 34+ 6. 44
Indisn Lakes formation:
Upper tongue:
Clay, silty, very black, highly car-
bonaceous; marsh or swamp
Auviolacustrine or lacustrine de-
POSIt e .5+ 6.9+
Disconformity.
Sehoo formation:
Dendritic member:
Clay, sandy, about 5 pereent sand
in top ¥ ft, grades less sandy
downward; olive. green, bhas tur-
quoise blotches. Lacustrine__.._ 1.5+ 8 44
Clay, bluish-green having rusty
blotehes; ostracodes. Lacustrine. 1.6+ 9.9%
Clay, sandy, olive-green having
teal-blue blotches; 15 to 20 per-
cent sand; lacustrine-.______.__ 1.6+ 114+

Base not exposed.

Section 6

NWY sec. 14, T 20 N., R. 28 E. General section exposed in
scarp at south edge of large deflation plain, 1% miles south of Upsal
Hogback. Top of section, altitude 3,967 £ & feet.

Thickness

Depth
(Jeet) o

(feet)
Fallon and Turupah formations:

Sand, fine-medium, medium, and coarse;
some granules and small pebbles lo-
cally; loose to locally semi-indurated;
somewhat crossbedded. Xolian-...._ 10+ 10+

Disconformity.

Seloo formation:

Lower member:

Clay and silt, light- to medium-gray,
semi-indurated, well-bedded.
Lacustrine_ .. _.____. 7+

Wryemaha formation:

Sand, medium and fine, yellow to
medivni-gray, well-sorted, well-bed-
ded, poorly consolidated. Lacustrine_ 74
Sand, fine, silt, some clay, thinly inter-
bedded. Lacustrine___.___._______ 54
Sand, codrse, medium, and fine, inter-
bedded; dark-gray, highly andesitic
or basaltic; generally well indurated,
well-bedded. Lacustrine. Probably
correlative with lale eruptions at
Upsal Hogback.... . __.._

Base not exposed.

17+

244

20+

104 304

123

TarrLe 10.—Siratigraphic sections—Continued
Section 7

SWIASEY, sec. 21, T. 20 N., R. 28 E. Stratigraphic section
exposed in scarp of deep deflation basin, and 6-fool auger hole af
base of scarp. Top of section, alitiude abowt 8,990 feet.

‘Thickneas

Depith
(feet) oo

Fallon formation: (Seei)
Band, fine, coarse sand, and granule

sand, a few pebbles to 34 in. in di-

ameter, rarely ¥ in., even at crest

of dune; crossbedded, Eolian_____ 8+ 8+

Disconformity.

Turupah formation, bearing Toyeh soil
(eroded); ’

Sand, like above, eolan, bearing C.,
horizon (eroded)} of Toyeh soil; 0-2
in. (locally eroded) white layer ab
top that may be partly voleanic ash
but has much so0il caleium carbonate,
Basal 1 in. of unit locally rust
stained. ..o oo ee_

0.810 9+

Disconformity.
Sehoo formation:

Upper member:

Clay, silty, and sand, very fine,
clean, pale-tan-gray to nearly
white; mottled with white soil
caleium carbonate (lower part
of C,, horizon of Toyeh soil),
Lacustrine. . oo

Sand, mostly fine; 1-3 in. poorly
sorted, coarse, medium, and fine
sand locally at top and base.
Parallel bedded. Probably la-
custrine. o emmaeae—o T+

0. 05-0. 2 9+

9.7+

Disconformity : undulating erosion
surface,

8and, medium, yellow-brown,
slighily cemented; seems to
bear incipient soil (top is non-
calcareous, lower part seems to
have some soil calcium carbon-
ate concentration). Parallel
bedded. Lacustrine.____ ...
8ilt, sandy, and sand, silty, dark-
chocolate-brown, much soil cal-
cium carbonate; parallel bedded.
Lacustring ..o oo

0-0.5 10+

0.44+4 10.4+%

Disconformity.

Indian Lakes formation (of late Sehoo and
Indian Lakes apge):

Sand, fine-medium, light-gray; eolian,
Top 1 ft has some coarse sand; mid-
dle 0.5 to 1 ft is slightly cemented
with ecalcium carbonate, overlies
very irregnla. erosion surface; lower

0.5 to 1.2 ft is uncemented- . __---- 3+ 13. 44
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TaBLE 10.—Stratigraphic sections—Continued TaBLE 10~—Stratigraphic sections~Continued
Soection T—Continued Section T—Continued
. Thiek
+ formation: h(lfggf” lgjfﬁg Sehoo formation—Continued T}f}%tgm ?f,%‘{‘
Jpper member: Lower memhber—Continued
Sand, fine, well-sorted, parallel- Clay, silty, semi-indurated, me-
bedded. Lacustrine..._..___ .4+ 13. 8% dium-gray; well-bedded; ostra-
Silt, and sand, very fine; top 5 in. codes. .La.custru‘le; grades to
brown-gray to medium-gray clayey silt and silty clay near
silt having very fine sand part- base oo 7.5+ 35 0%
ings; middle 7 in. is light-gray Sharp, .even, conformable contact.
very fine sand; bottom 6 in. is Wyemaha formation:
silt and a little very fine sand, Sand, medium and fine-medium, some
lamingted dark brown gray, interbedded fine sand; moderate
dark gray, some medium gray vellowish brown (10YR 6/4) to pale-
and light gray. Lacustrine___ 1.5+ 15. 3% gray (particularly yellowish in upper
Disconformity, undulating ero- part).  Probably all lacustrine.
sion surface. Base not reached. . _________ 7 42+
Sand, fine, and fine-medium, well-
sorted, some partings of basal-
tie(?) sand, possibly from Soda Section &
Lake eruptions; lowest 1 ft has
some coarse sand; local M-in.
somewhat cemented light-gray Type locality for upper member of Sehoo formation. FEzposure
very fine sand (ash?) parting in borrow pit at north scarp of deflation basin, about 100 feet west
at baSe. 4+ 19.3+ | of Fallon-Lovelock cutoff road, in SEYNWY sec. 32, T. 20 N., RE.
29 E.; top of seclion, allitude about 3,985 L & feet.
nformity. -
Yendritic member(?), possibly bearing Fallon formation: ng%?)m 1();55':
Harmon School soil (eroded): Sand, fine, medium, and coarse, pale-
Sand, coarse and medium, frag- yellow-gray, poorly sorted, locally
ments of pale-gray platy lith- erossbedded. Tolian. (Northward
oid tufa 0.1 in, thick; medium- thickens to more than 10 ft and is
brown, slightly indurated and underlain by several feet of eolian
cemented with caleium carbon- sand of the Turupah formation,
ate; possibly bears eroded weal which bears the Toyeh soil) _...c.. 2+ 2%
sofl. Laecustrine.._._.________ 3+ 19.6%
Yendritic member: Disconformity.
Sand, very fine, and fine, well- Sehoo formation:
sorted, unindurated, micaceous, Upper member (bearing Toyeh soil,
pale-gray; loose and fiourlike. slightly eroded):
Lacustrine_  —————————_______ L5+ 20, 1% Sand, coarse and medium, con-
Silt, light-tan-gray, well-sorted. taining much grenule sand and
Tacustrine. .- - oo 3 20, 44 some pebhles (mc.:stly less than
8ilt, clayey, and clay, silty, inter- 7 in., some to J% in., and rarely
’ ’ 2 BIBY) --about 1 in. diamefer); rather
bedded, light to medium-gray. i A e
. poorly sorted, indistinefly bed-
Lacustrine. . oo 3% 207+ ded. Lacustrine. Granules
Silt, pale-gray, and interbedded and pebbles mostly late lithoid
very fine sandy silt to clayey tufa of upper member of Sehoo,
o R 2.6 23.3% medium to dark gray or dark
Sand, very fine, well-sorted, pale- brown gray; rare fragments of
BTAY e .2 23. 5+ white early lithoid tufa of this
Yendritic member(?): member and of volcanic and
Silt and very fine sandy silt, granitic rocks. Top 2-4 in. is
slightly coherent, light-gray. oxide (B) horizon of Toyeh soil
Lacustrine. . _______.._____ 3.0 926.5+ (pH 6.8 by colorimetric field
ower member: test) ; next 9-10 in, iz C.a hori-
8ilt, clayey, somewhat micaceous; zon of this soil (partly cements
ostracodes; some selenite; me- the sand; pH 8.0-8.5) . .-~ . EE £
dium-gray; thinly laminated, Contact gradational to sharp, some-
semicoherent, fissile. Lacus- what undulating; loeal disconform-
TDE . e 1.0+ ity.

27. 5%
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TasLe 10—S8tratigrephic seciions—Continued TasLe 10.—S8tratigraphic sections— Continued
Section 8—Continned Section 10—Continued
. . hick
Sehoo formation—Continued Tt Do | Voleanie sand complex of Soda Lake—Con, T"ﬁ’éﬁ’)‘“ i
Upper member: Contact poorly exposed.
Sand, medium, some fine-medium, Part of middle Sehoo and Indian Lakes age:

and coarse, granule-bearing
coarse; rare fragmehts of early
lithoid tufa of upper member of
Sehoo.  Lacustrine. Mostly
poorly consolidated; bedding
lenticular, locally crossbedded._ 2+ 64
Fairly sharp, nearly level contact.
Sand, fine-medium and fine,
thinly bedded; wupper half
ripple-crosslaminated, strongly
so in top 2 in.; lower half al-
most parallel bedded; ripple
marks approximately symmet-
rical. A few small nodules of
medium-brown lithoid tufa in
top half; some fragments of
white early lithoid tufa of this
member in lower half, especially

2. Sand, coarse, and granule sand,
with several percent of basaltic
lapilli; some very small basalt
pebbles; well-sorted, nearly un-
indurated, meoderately to well
bedded; probably lacustrine_ ___ 8.5 46.5

3. Lapilli sand and granule sand ; com-
monly more than 20 percent
basaltic lapilli and with some
basaltic pebbles, mostly less than
¥ in. diameter, but rarely to
several inches diameter (bombs)
in some beds; lower part mostly
well-sorted, low in silt and rela-
tively unindurated; upper part is
moderately sorted, somewhat to
very silty, somewhat indurated,

at base. Lacustrine......- 0.6-0.9 8.8+ forms small cliffs locally. Con-
Shu..r p, somewhat undulating contact; tains rare waterworn fragments
disconformity; in places cuts bed- of dendritic and lithoid tufa.

ding in underlying lake clay.
Lower member:
Clay, mostly silty, very light olive
gray; lower 2 it is pale-gray silt.

Lacustrine.. .. cno oo 37 83. 5

Sharp conformable contact.

Well parallel bedded. Leacus- 4. Silt and sandy silt, light-gray, very
trine. Prismatic  jointing, poorly sorted; many beds contain
which becomes closer In top several percent of basaltic lapilli
few inches; sand dikelets in . (sand-, granule-, and small-
some joints. Top several pebble-sized}; somewhat indu-
inches appear slightly weath- rated; lacustrine. . _ . ... 2.2 857
ered (clay is discolored and
fragmented); possibly lower Sharp contact, possible minor disconform-
part of Harmon School soil... 5-7 12. 8+ ity.
Sharp, level, conformable contact. 5. Sand, lapilli; very fine pebbly me-
Wyemaha formation: dium sand, very poorly sorted,
Sand, medium, light-brownish-yellow, grayish-yellow-brown, slightly in-
well-sorted, incoherent. Well paral- durated, indistinctly bedded;
lel bedded. Lacustrime .. __..___ 2 14. 8+ probably colluvium (slope wash
Base not exposed. Section 10 N or talus). (At next embayment
ection of bluff to the east, this unit is
SWYSWY, sec. 8, T. 19 N., B. 88 E. Bluff on southeast side somewhat more indurated, yel-
if Soda Lake, from crest of ridge to lake shore; altitude of ridge lower and locally shows slight
rest about 4,085 feel. calcium carbonate eorncentration
Joleanic sand complex of Soda Lake: T’(‘}ﬁﬁge‘“ g-‘;’,’é" BE 0P} - oo 3 88.7
Part of late Sehoo and Indian Lakes age, Gradational contact.

bearing Toyeh soil:

1. Sand, lapilli; poorly sorted uncon-
solidated silty sand containing
several percent of basaltic lapilli
and a few larger basaltic bombs,
very rarely as much as 1 ft in
disineter; generally indistinetly
bedded; poorly exposed; prob-

6. Sand, lapilli; mostly coarse, fine-
pebbly, and granule sand, some
medium sand, especially in upper
2ft; generally well sorted ; practi-
cally all basaltic lapilli; pebbles
mostly less than 4 in., rarely to
1 in.; slightly indurated; con-

ahly subaerial. Top 1 ft some- tains ocecasional ?ur?,terworn' frag-

what indurated by ecaleareous ments of dendritic and lithoid

horizon (eroded} of the Toyeh tufa. Lacustrine._..........
SOMl . o oo e 38 38 Sharp conformable contact.

558 942
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TasLE 10.—Stratigraphic sections—Continued TABLE 10.—Siratigraphic sections—Continued

Section 10—Continued Section 13-—Continned

Thickneas

sleanic sand complex of Soda Lake—Con. (Teet) %83%?; Wyemaha formation—Continued T’*{fg’g’g” ?ﬁé’g’i
Part of ‘middle Sehoo and Indian Lakes Disconformity.
age—Continued 4. Sand, medium, well-sorted, light-
7. Silt, medium-grayish-brown, well- gray; horizontally parallel bedded;
sorted, unindurated ; thins rapidly 2- to 3-in. silt layer at base. ILen-
westward and is only ¥ ft thick ticular and locally absent., Lacus-
10 ft to west. Lacustrine.._.__ 1.3 955 trine___ el 0-1 7.6+
igular disconformity. Disconformity.
Part of early Sehoo(?) and Indian Lakes 5. 8and, medium, some fine and coarse,
age: well-sorted, light-gray, strongly
8. Band, lapilli; moderately indurated, crossbedded (beds dip northward).
moderately well bedded, parallel Probably eolian . .o 1 8 64+
bedded; dips 290__300 northwe.st- 6. Sand, medium, light-gray, weil-sorted;
ward; strongly jointed. Contains flat parallel bedded. Probably
several percent of basaltie lapilli eolian o LE+ 10 14
in poorly sorted silty medium to N
coarse sand, end commonly some 7. Band, medium, well-so.rted, strongly
grit, small-pebble-sized lapilli, cros-sbedded {beds dip northward).
and rere cobble-sized basalt Eolian - oo 1.5+ 116+
bombs. Lacustrine. Base not 8. Band, medium, well-sorted; flat par-
exposed; thickens to several feet, allel bedded. Eolian or lacustrine.
locally s much as 15 ft; exposed {Base not exposed) - - oone_.. 3+ 14. 6%
above water within 400 ft to Section 16
West e oo 1 96. 5

NEWSEY, sec. 28, T. 19 N., E. 29 E. Siratigraphic seclion
exposed by trench and pits inte wash-bank scarp on east side of
small valley, half a mtle east of S-Line Reservoir; lop of section,
altitude 3,955 feet.

Section 13

NEVNEY sec. 17, T. 19 N., R. 29 E. Straiigrephic seclion
wsed tn riverbank at west edge of Carson River flood plain,
tude 3,846+ 5 feel.

&, conformable contact.
emahs, formation:

3. Band, fine, silly, mostly; some silt
partings and thin beds of coarse-
medium sand. Strongly ripple-
marked and layers locally broken as
if by wave action in shallow water.
Abundantwormtubules. Lacustrine.

2 2+

6 6+

calcareous, moderately cemented,
hard consistence, containing
meany white powdery calcium car-
bonate concentrations; slightly
columnar to granular strueturg;
gradual lower boundary. Mate-
rial below soil is light brownish
gray, very weakly indurated___

1522

: . ‘Thickneas Depth
rupah formation, bearing Toyeh soil: wﬁ}%ﬁ%?” -(Djsg%tt];’ Fallon forma.tmn:. (}ceeﬂ) (fe%t)
1. Sand, medium light-gray. Two parts, 1. Sand, medium and coarse, pale-tan-
unduilsting disconformity between: gray, loose and uncemented; 15
upper pert, 0.5-3 £t thick, is indis- perce_nt Flark-gray fragments of
tinetly bedded; lower part, 0.5-3 ft late lithoid tufa o'f upper member
thick, is crossbedded, contains some of Sehoo, inFludn}g t%nn.t.a.buia.r
coarse.sand and grit, and many tufa ones ¥ to ¥ in. ’Wldei indistinetly
fragments. Eolian. Bears Toyeh stratified. Eolian.. ... 3 3
soil; top several inches (oxide hori- Sharp contact; disconformity.
zon) are almost unindurated; un- Turupah formation (bearing Toyeh soil):
derlying material has moderate-to 2. Sand, medium and coarse, some-
weak calcium carbonate concentra- what gilty, poorly sorted, indis-
tion (calcareous horizon) lo 14-16 tinctly bedded; some tufa frag-
in. depth_______________._____._. 3+ 3+ ments., Eolian. Top 1.3 ft bears
mounted disconformity, slightly undulat- Toyeh soil, which loeally is some-
ng, crosseuts bedding in underlying unit. " what eroded; vesicular horizon is
oo formation: locally absent; oxide horizon is
Lower member: 2.5 in. thick, grayish-brown, con-
2. Bilt, clayey, pale-gray. Several taining a little semiflocculated
ostracode-rich sand partings in clayey silt, little or no calcium
upper part; 3 in. above base is carbonate; moderate coarse col-
persistent }-in. parting of silty umnar structure, hard consist-
lacustrine limestone; abundant ence; gradual boundary; remain-
worm-horing tubules below the ing 8-11 in. are caleareous hori-
limestone parting. Lacustrine. 1. 44 4 44 zon; pinkish-gray, moderately

5 0%
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TarLE 10.—Stratigraphic sections— Continued

Section 16—Continued
Disconformity. Th&r;?zf;;:aa
Sehoo formation:
Upper men.ber:

3. Granule-sand and coarse gand,
pinkish-gray, very well sort-
ed arkosie; some smaill peb-
bles to rarely 4 in. diameter,
typical Carson River assem-
blage; also many thin platy
fragments of dark-purplish-
red tufa. Top 3-4 in. some-
what cemented by caleium
carbonate and slightly dark-
er; lower part is uncerented.
Lacustrine {deltaic) _.._... 2.2

4. Sand, fine, and silty, light
brownish-yellow. Lacus-
trine oo 0-0.3

Disconformity representing upper
tongue of Indian Lakes formation.
Sharp undulating contact; records sub-
aerial erosion.

Lower member:

6. Clay, silty, and nonsilty, me-
dium-gray, faint greenish
cast; tough, moderately in-
durated, faintly laminated;
prismatic jointing; some
ostracods. Lacustrine.... 2-2.5

harp even contact.
Vyemaha formation:

6. Sand, medium, well-sorted, unce-
mented, bright-orange-yellow;
ripple-bedded. Lacustrine_._. 1.3

7. Sand, very coarse, clean, pale-gray.
Lacustrine_. ... . 1- 3

8. Sand, fine medium, clean, pale-
yvellow-brown-gray. Lacus-

9, Bilt or silty clay, medium-brown-
gray. Lacustrine___ . .__.._ . 05

10. Sand, fine-medium, clean, pale-
brown-gray; irregular parting
of silt at base. Lacustrine.__. .15

11. Sand, fine-medium, clean, pale-
brown-gray. Lacustrine.__.__ .3

12. Silt and clayey silt, medium-yel-
low-brown-gray. Lacustrine-. .3

13. Sand, medium and fine-medium,
clean, pale-brown-gray. Lacus-
trine. . e e 1.2

14, Silt, clayey silt, silty clay and fine
sand in alternate layers; 1 in.
clay at base; medium-yellow-
brown-gray. Lacustrine.-._-. .7

695-383 0—64——10

Depth

(feet)

7.24

7.

9.

10.

11

11.

1L

1L

11

12.

13.

14.

41

6+

9+

1+

4L

4+

6+

9+

2

4+

1+

TarLE 10-—Strafigraphic sections—Continued

Section }6—Continted

Wyemaha formation—Continued T"&}‘Z"Jéf“

15. Sand, medium, clean, medium-yel-
low-brown; % in. fine sand,
light-gray, at base. Lacus-
trine. e e 0.8

16. Sand, coarse-medium, very well
sorted, pale-gray. Lacustrine. L 3

17. Sand, fine, ¥ to 1 in. at top; re-
mainder coarse medium sand
and medium sand; light yellow-
brown. Lacustrine. Base not
exposed . L 1. 5+

Section 17

127

Depth
(feet)

14, 94

16. 2+

17.7+

Pype locality of upper longue of Indian Lakes formalion and
Harmeon School soil: % mile north of old Harmon Scheol, SWY4N W
sec. 24, T. 19 N., R. 29 E. Exposed in banks of a branch irriga-
tion canal aboul 150 feet east of counily road bridge across main
irrigation canal. Top of section af altitude of about 3,932+ 4 feet.

See alse soil profile 17 S (table 12) ai this locality.
Sehoo formation: .

. . . Thi
Upper member (bearing toyeh soil): (}%’%ﬂs

Silt and fine sand, thinly inter-
bedded. Lacustrine. Upper 3.5
in. light gray, having vesicular
gtructure (vesicular borizon of
Toyeh soil); remainder is light
brown, having weakly columnar
to granular strueture; slightly to
moderately calcareous (B and
upper part of C,. horizons of
Toyeh soil) - _ o= 1+

Frregular contact.
Lithoid tufa, while to pale gray
(early lithoid tufa of this mem-
ber), nearly continuous layer of
irregular to mammilary masses,
commonly 1 to 2 ft in diameter
and 0.2 to 0.8 ft thiek_____..__. E S

Disconformity ; fairly sharp eontact.
Indian Lakes formation:
Upper member (bearing Harmon School
soil):
Colluvium, composed of fragments
of underlying clay. Top 0-2 in.
light brown (oxide horizon of
Harmon School soil); remainder
is light olive gray; has very weak
calcium carbonate concentration
in upper 0.7 ft (C., horizon of
same soil) oo aieao 3
Disconformity.
Seboo formation:
Dendritic member:
Clay, sitty, and clayey silt, light-olive-
gray; strong columnar jointing;
joints closer spaced in top 14+ ft.
Lacustrine. Base not exposed___ L5

Depih
(feet}

1+

L5+

4 5+

6.0
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TaBLE 10—Straiigraphic sections—Continued

Section 18

NEYSEY, sec. 25, T. 19 N., B. 20 E. Siratigraphic section
posed in bank of drainage canal, and in 6-fooi auger hole, in
Ta of second Fallon lake. Top of section, altitude 3,931 feel.
sllon formation:

Second lake unit {bearing “L’ Drain T’i‘fjﬁ’é‘f“ ?ﬁ%?)t
soil}:
1. Sand, coarse and medium, some-
what pebbly, especially in
basal one-half foot (pebbles to
¥4 in. diameter); well-sorted,
except top 0.5 ft, which is
silty; about top 1.2 ft slightly
indurated by L-Drain soil.
Upper part lacustrine, lower
part distributary (deltaic) al-
lavium_ . _.__ 41+ 414
Sherp contact, disconformity.
First lake unit: )
2. 8ilt, well-sorted, light-brownish-
gray ; some sand-filled desiceca-
tion cracks, rusty spots, and
spots of weak calcium car-
bonate concentration. Lacus-
ATine o 15 3 6%
3. 8and, mediun, grading to fine-
medium in lower part, well-
sorted, light-yellow-brown-
gray. Lacustrine_________.__ 1.9 7.5+
irupah formation:
4. Band, coarse and medium, with
granules and wvery small pebbles
(typical Carson River assemblage);
indistinetly bedded. Alluvium
Carson River channel sand) _____. 7 14. 54

Base not reached.

Section 22a

NWUNWY sec. 35, T. 19 N., R. 30 E. Auger hole in Still-
tter Slough flood plain, beside Stillwater Reservoir diversion

nal. Top of section, alittude 8,915 X 8 feet.
ilon formation: Thickiess Depth
(feet} {feet)
Upper member:
1. Bilt, sandy, dark-gray; alluvium__ 1z 1+
Disconformity.
Lower member (probably second lake
unit):
2. Clay, silty, dark-gray mottled with
tan; highly saline, gypsiferous.
White pumiceous ¥%- to 1-in. ash
parting about 4 in. above base.
Lacustrine_______ .. _._.______. 2.2 32
Possibly first interlake unit:
3. 8ilt, clayey, sandy, poorly sorted,
probably alluvium_...__________ LT 3.9

Disconformity?

TaBLE 10.~—Stratigraphic sections—Continued

Section 22n—Continued

Fallon formation—Continued Th(?f;?}”s ?fgﬁ,’;’;
Probably first lake unit:
4, Silt, clayey, olive-drab. Lacus-
trine . ____. 2 4.1
5. Sand, fine, silty in top 0.1 {{, clean
below; tan and tan-gray. Lacus-
trine_ oo 1.0 5.1
6. Sand, fine, clean, interbedded with
silt and silty fine sand. Lagus-
trine. . oo L. 12 8. 3
7. Silty clay and eclayey silt, dark-
brown. Lacustrine____________ . 5 6.8
8. Sand, silty, fine, dark-tan-gray.
Tacustrine______._._._________ . B 7.5
9. Clay, silty, dark-tan-gray, some )
silty-sandy clay. Lacustrine. .. 1.3 8 8
Disconformity.
Sehoo formation:
Upper or dendritic member:
10. Clay, dark-olive-tan mottled with
black. Lacustrine___________ . 8 9.6
11. Clay, silty, olive maottled with
dark gray. Lacustrine...__.. .9 105
Dendritic (?) member:
12. Clay, olive. Lacustrine__.__.__.. 26 13.1
Dendritic member and possibly lower
member:
13. Clay, like 12, but with tufa
nodules, oolites, and especially
abundant ostracodes, in top 2
ft. Lacustrine ______________ 50 180
Probably lower member:
14. Clay, silty, olive to olive-tan, tan,
and olive-tan-gray; mottled
with rust-brown spots. Lacus-
trine_ oL ___________ 2.8 20.8

Base not reached.

Section 2Zh

NWYSWY sec. 85, T. 19 N., E. 30 E. Auger hole in flat
between Sehoo Mountain and Stillwater Slough. Top of seciion,
altitude 8,919 + 8 feet.

Fallon formation:
Lower member:
1. Sand, elayey, fine, hard-cemented,
dark-gray to nearly black, saline.
Grades to fine-sandy clay at base.
Mainly lacustrine., . ooocu-mowo-
2. Clay, locally with silt and a liltle
very fine sand; dark-brown-gray
to nearly black; saline segrega-
tions, especially in lower part.
Laeustrine . _________
3. Clay, same as 2, with abundant
caleium carbonate nodules and
salt segregations, Nodules are
mostly ¥ to 3£ in., rarely ¥ in.
diameter, irregular forms__._._.

7

Thickness

Depih
(feet}

(feet)

2.5 40

5 0
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TABLE 10.—Stratigraphic sections— Continued

Section 22b—Continned
Fallen formation—Continued T}?fei?f" *
Lower member—Continued
4. Clay, tan-gray, without caleium
carbonate nodules. Lacustrine. .3

5. Clay, silty, black mottled with tan.
Lacustrine___ .. _.__._____.__ -1
Disconformity representing subserial exposure.
Sehoo formation:
Upper member:
6. Clay, grayish-olive-green mottled
with black (carbonaceous mat-
ter~—probably from vegetation

during lake desiccation). Lacus-

trine . 2
7. Clay, silty, dark-yellow-brown, sa-

line.

Lacustrine. ____ . _._____ .6
8. Clay, eilty, dark-yellow-brown to :
dark olive-tan, mottied with
rusty-brown spots; selenite crys-
tals and white saline segrega-
tions (probably mostly gypsum).

Lacustrine. .. ______._. 2.3
Dendritic member:
9. Clay, silty, grading dowmward to
clay; olive; 1.3 fo 1.8 ft below
top, unit contains whitish pari-
ings or segregations, some with
abundant ostracodes. Lacus-
trine. ., .o oo 4.0
10. Clay, silty, mostly olive, some
brown spots. Lacustrine_____. 1.3
11. Clay, limy (effervesces strongly
with HCl) ; tufa nodules. Lacus-
trine. . e _. i
12. Clay, olive. Laecustrine_.___._.__ 1.3
Thinolite member:
13. Clay, olive; contains minute thino-
lite crystals. ILacustrine__.____ .2
Lower memnber:
14. Clay, olive. Lacustrine___._..___ .64
Base not reached.
Section 23

Depih
{feet)

5.3

12. 7

14. 0

14. 7
16. 2

16. 4

SEMN WY sec. 2, T. 18 N., R. 30 B. _Auger hole in flat north of

Sehoo Mouniain; top of section, alliiude 3,982 + 8 feet.

Fallon formation: Th(frceke%w
Second lake unit;
1. Sand, fine-medium, tan, clean.
Lacustrine ..o oo ______ 0.6 «
2. Sand, fine-medium, silty to clayey,
dark-brown-gray. Lacustrine_ . 6

First lake unit:
3. Clay, silty, dark-brown to black.
Lacustrine., .o o .8
4. Clay, silty, tan, with black streaks,
and some sandy clay. Lacus-

trime. o __ 8
5. Clay, silty, dark-brownish-gray.
Lacustrine .o _._.____ .8

diseonformity.

Depih
o feet)

1.7

2.5

3.0

TaBLe 10.—Siraligraphic sections—Continued
Section 23—Continged

Thickneass

Sehoo formation: (feet)

Upper member:
6. Clay, mottled-black to olive-tan.
Lacustrine . __ . __._______
Dendritic member:
7. Clay, olive, with rusty spots.
Lacustrine. .o .8
8. Clay, slightly silty, olive-gray;
very limy, with ostracodes,
oolites, and small white caleium
carbonate {tufa) neodules (smail
irregular rounded forme resem-
bling clusters of oolites), with thin
laminae of limy sand (rich in
oolifes and ostracodes); in lower
284 ft some small selenite segrega-
tions. Lacustrine _..__..__.__
Thinolite unit:
9. Clay, as in 8, but with minute erys-
tals of thinolite_ . __________.___
Lower member:
10. Clay, somewhat silty, drab olive-
brown-gray (more silty and
brown, less green than unit 8);
minute mica flakes. Oolites
and small ‘tufa nodules common
in top 1 f%, none below. Below
top 21t the elay commonly con-
tains some very fine sand and is
very constant in lithology.
Lacustrine__._ ... __.__.._
11, Ash, white, volcanic (pumiceous),
cemented, very hard. Lacus-

L2

3,0

20

11 ¢4

Sectlon 24

129

Depth
(feet)

4 2

50

10. 0

12. ¢

23. 4

L6+ 244

SEYSWY, sec. 2, T. 18 N., B. 30 B.  Auger hole in flai north of

Sehoo Mountain. Top of seciion, altitude 3,826 + 3 feel.

Fallon formation: T’i’?jé?)"as
First lake unit:
1, Sand, fine-medium, more or less
silty and clayey (especially
\ near bottom); somewhat ce-
mented with caleium carbon-
ate. Lacustrine__._________ 2.0
Disconformity.
Sehoo formatiom:
Dendritic rnember:
2. Clay, somewhat silty, with tufa
nodules, oolites, and ostra-
codes; olivegray. Lacus-
trine__ L __ 3.0+
Thinolite unit:
3. Clay, as in 2, with thinolite tufa
crystals, generally <7 1/32 in.
thick and 1/32to0 34 in. long, most
abundant 2 ft below top of
unit, decreasing upward and
downward from this level.
Lacustrine .. o cemcceoo. 3.5

Depth
{feet)

2.0

5 0+

8.6+



130 LAKE LAHONTAN: GEOLOGY, CARSON DESERT, NEV.

TanLE 10.—Siratigraphic sections—Continued
Section 24—Continued

R . Thickness Depih
Sehoo formation—Continued L(f%et )B ( fe%t)

Lower member:

4. Clay, silty, becoming more silty
downward, olive-gray. 2% ft
below top of uhit 18 about 1-in.
layer of grit and small pebbles
to % in. diameter. Starting at
4 ft below top of unit are a few
partings of fine sandy silty
clay, and in lower 1%, ft these

are cornmon., Lacustrine.__._ 13 21. 5+
5. Ash, white, puriceous, hard-
cemented. Lacustrine__.___. .3 21. 8-

Section 25

3% mile east of SW cor. sec. 4, T. 18 N., R. 29 E. Bank of
‘ainage cangl and 2-fool auger hole at bottom of canal. Top of
clion, allitude 3 1047 feel.

Thick
illon formation: a(zjceente;as ?f&%

First interlake unit (bearing L—Drain
Soil):
Sand, fine a.nd very fine, clean,
light-brown-tan. Eolian, Top
1 ft is weakly indurated by
very weak soil profile (L-Drain
soil). L. 1.5+ 1.5+
First lake unit:
Sand, fine, dark-tan, clean.

Lacustrine____ .o o _. L5+ 3+
Silt, sandy, dark-olive-gray.
Lacustrine_ ____.______.__.-_ 0.3-0.5+ 3.5+
wconformity.

:00 formation:
Upper member(7):
- Clay, finesandy, gray-brown.
Lacustrine . __._____.____.._ 34+ 6.5+

e nol reached.
Section 2§

. mile west of SE cor. sec. 11, T. 18 N., B. 29 E. Stratigraphic
‘on expoged in bank of drainage canal, and 3-fool auger hole
‘anal bed, in delta of first and second Fallon lakes. Top of
on, altitude about 3,330 feet.

. THickness Depth
sn formation: (feet) { je%t)

Second lake unit:
Sand, fine and medijum, poorly to
moderately sorted, lght-tan-gray.

Lacustrine . _ .o 3 3
First lake unit:
Sand, silty. Lacustrine.__.__._.__._ 2 5
Clay, brown-gray. Lacustrine_._._.. 4 9
ynformity.

> formation:
Upper member:
Clay, sandy and silty. Lacustrine._. & 14
Jendritie and {or} lower members:
Clay, greenish-gray, tough. Lacus-
trine . o 3.5 17.5

not reached.

TaABLE 10.—Stratigraphic sections—Continued
Beetion 29

0.2 mile south of Y sec. cor. belween secs. 3 and 10, T. 18 N.,
R, 30 E. Auger hole in flat north of Fish Cave et 3,927-foot shore-
line of second Fallon lake. Top of section, altitude 3,987+ 3 feel.

T Thicknesa Depth
Failon formation: Creot) (foet)

Second lake unit:
1. Sand, fine-medium, dark-gray to
black, silty, carbonaceous; many
clam and snail shells, Lacus-

trine .o 02 02
2. Sand, fine-medium, yellow-brown.
Lacustrine. . e .5 .7
Disconformity.

First laoke unit:
3. Silt and clay, dark-gray to black
(with looal rusty spots along
former roots), ecarbonaceous.
Lacustrine . ____ . ________. 3.6 4.3
4. Sand, fine, clayey a&nd silty, with
some interbeds of fine sandy eilt,
medjum-dark-tan-gray. Lacus- -
trine. - o 21 6.4

Disconformity.
Seboo formation:
Dendritic member:
5. Clay,somewhat silty, greemsh-g-my,
Lacustrine_ . . ____.___. 1.0 7.4
Thinolite member:
6. Clay, as in 5, with abundant small
thinglite crystals in upper 0.9
ft and a few iIn lower part.
Lacustring. .. _ - ou_icmiacas 1.6 9.0
Lower member:

7. Clay, silty, green-gray (with rust-
hrown spots); upper part some-

what micaceous., Lacustrime-_. 10.0 19.0
8. Sand, medium, clayey to clean,
rust-brown. Lacustrine____._. .2 18,2

9. Clay, siity and fine-sandy, green-
gray; lower half contains abun-
dant calcium carbonate nodules
and andesite-basalt pebbles to
¥ in, diameter. Lacustrine.__. .3 19.5
. 10. Clay, sandy, green-gray, with silty
clay, viridian-green, at base.
Lacustrine . . o oo .- .8 20,0

Wyemeha formation:
11. Sand, fine, clean, grayish-olive-tan.

Lacustrine. o ..o __.__. .5 205
12. Silt, green, with rusty spots. Lacus-
trine . e .3 20.8

18. Silt, clayey 5111'. and silty clay, dark-
grayish-viridian-green; organic smell
(similar to decaying vegetation).
Lacustrine. _ - - o e cmacaemns 2.2 230
14. Clay, silty, dark-greenish-gray, dark-
gray, to nearly black; strong organic
smell. ILacustrine..__.___._ FARRES: 1.5+ 245
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TaBLE 10.—Stratigraphic seciions—Continued

Section 30

SEYSEY sec. 12, T. 18 N., R. 30 E, Stratigraphic section ex-
posed at head of miniature box eanyon in gully at north edge (base)
of pedimeni between Sehoo Mounlain and Rainbow Mouniain.
Top of section, altitude 4,020+ 10 feel.

Fallon formation and Lahontan Valley group,

undifferentiated:

1. Lake gravel and sand and eolian sand,
undifferentiated . __.____.__._______

Pre-Lake Lahontan Quaternary lacustrine de-

posits (bearing Cocoon soil, much-eroded):

2. Sandstone, coarse, and gritstone, pebbly,
well-cemented, hard, with thick par-
allel bedding. Fractures filled with
calichelike calcium carbonate, resem-
bling that in lower part of C,. horizon
of Cocoon soil. Probably lacustrine_.

Pre-Lake Lahontan Quaternary lacustrine de-

posits:

3. Sand, pebbly sand, and gravel, mostly
rather poorly sorted, partly consoli-
dated, indistinef, parallel bedding.
Probably lacustrine_ _ .. _.__._.._

4. Sandstone, white, tuffaceous, hard._____ i |

5. Sand, pebbly, and sand, clean, cross-
bedded, partly consolidated. Prob-
ably lacustrine. ..o .o L _._L__

Base not exposed.

NOTE.—Unjts 2 to § probably are shore sediments of a pre-Lake Lahontan Pleistocene
lake. At the section locality they dip about 2° N, and are displaced by three
small faults, downthrown on the north side, Twenty feet north, unit 2 is eroded
and the lower units grade rapidly to peorly sorted medium gravel dipping sbout
45° 8E., evidently part of a lacustrine bar or spit. This gravel contalns pabbles
of white tuff and dintomite similar to material in the upper part of the Truckee
formation on the pediment to the scuth. This exposure appemws to be Io & tault

stiver that Is bounded by two inferred (concealed) east-west fanlts near its
upper and lower ends (pl. 3).

Thickneas Depth
{feet) (feet)

0-10 10+

4+ 14+

18+
19+

5+ 244

Section 31

NWUNWY sec. 7 (unsurveyed, T. 18 N., B. 81 E. Strafi-
graphic section, from several dug pils in high-shore sandbar of first
Fallon lake and 2- fooi auger hole, in flal northwest of Rainbow
Mountain. Top of section, altitude 3,948 + 3 feel.

Fallon formation:
First lake unit:

1. Sand, pebbly, mostly medium
sand, fairly elean, some sinall
pebbles; gray platy tufa like
that of 3 and that of the local
Tertiary voleanic rocks: mostly
pumiece, some Ragles House
thyolite and Bunejug forma-
tion. Lacustrine____._______

2. Band, medium, with rare pebbles,
tan, grading downward to fine-
medium sand, mostly elean,
rusty to golden-brown, and
then to clayey fine-medium
sand, olive-tan, near base.
Lower part contains some frag-
ments of tufa, likke that of 3.
Highly saline, much gypsum.
Lacustrine__________._______

Disconformity.

Thickneas

Depth
(feety —  (foe

(feet)

2+ 2.0x

4.5+

131

TaBLE 10.—Siratigraphic sections——Continued
Section 31—Continued

Thickness

Depth
{feet) A

Sehoo formation: (feet)

Upper member:

3. Lithoid tufa, white to pale-gray,
discontinuous layer of irregular
masses {early lithoid tufa of this
member) ...

Disconformity.
Dendritic member (bearing lower part of

Toyeh soil, eroded):

4, Clay, silty, olive-green; some
pale-greenish-gray interbeds of
silt and silty clay, possibly
altered volcanie ash ; some lenti-
cular limestone partings, gen-
erally less than ¥ in. thick and
geveral inches across; very sa-
line; some soil-lime concentra-
tion (eroded C,, horizon of
Toyeh s50il}. Lacustrine..__. .5

Dendritic and lower members:

5. Clay, silty, and silty sandy.
Upper several feet has some
thin laminae of fine sand, abun-
dant oolites, ostracodes, some
nonplaty tufa nodules. Some
segregations of gypsum and (or)
other salines., Lacustrine_.__._

0.0-3 47+

5.2+

7.3 12.5+

Lower member:

6. Sand, pebbly, and gravel, sandy.
Upper 1 1t is interbedded clean
medium sand and fine-medium
sand with pebbles to ¥ inch
dismeter, lower part is sandy
gravel with some pebbles more
than 1 inch diameter, some
gastropod shell fragments.
Hole bottomed on cobble or
boulder. Lacustrine..__._.__

2.3 148+

Section 32

Siratigraphic section at lype localily of dendrilic member of
Sehoo formation. 8% sec. 17 (unsurveyed), T. 18 N., R. 31 E.,
near road on east side of Rainbow Mountain and several hundred
Jeet south of 4,160-foof bench mark. FEzxposed by several trenches,
from top of high-ghere bar of middle Sehoo lake, down bank of &
gully, and by pit dug into bed of gully (fig. 14). Top of seclion
altitude 4,176 + & feet.

Dendritic member (bearing Toyeh soil) L iaaeer  fenih
Sand, fine-gravelly, and sand, well-
sorted; top 14 in. shows complete
profile of Toyeh soil (see soil profile
328). Lacustrine; high-shore-bar
deposit of middle Sehoo lake_ _.__. 3.5 3.5

Lower member:
Sand, medium, well-sorted, unconsoli-
dated. Lacustrine_._ . ___ .. _--u- 3.9 7
Lower member (transgressive part):

Gravel, cobble. Lacustrine __..___- .5 7.6




LAKE LAHONTAN: GEQLOGY, CARSON DESERT, NEV.

TaBLe 10.—Siratigraphic sections—Continued

Section 32—Continued

aha formation (bearing Churchill soil):
ravel, sandy, fine, somewhat clayey and
mottled red-brown and gray in upper 1
ft (oxide horizon of Churchill seil}, pale-
yellow brown in next 1 £, and containing
some white soil-lime concretions and
coatings; balance is yellow-gray, with
some soil lime {C,, horizon of Churchill
soil). Alluvial gravel
formation:

ravel, fine, well-sorted, with a Lttle soil-
lime (lower part of C,, horizen of Church-
ill soil). Laeustrine .. _..____________
'avel, medium, well-sorted, with a little
lake tufa cementation. Lacustrine____
ot exposed.

Section 33

Thickness

(feet)

3.8

15

3.5

Depth
( J’Z%t)

12.8

16. 3

ial siratigraphic section in lower part of Truckee formaiion
h on north side of hill about Vi mile south of Bagles House, in
Vi sec. 18, T. 18 N., R. 30 E.; top of section starts qbout
‘ect due east of SW cor. sec. 18, at altitude of about 4,430

Depth column below indicates cumulative thickness.)

e formation:

Tufl, silicified, variegated red, gray, buff,
and white {*wonderstone’); well-
bedded; poorly exposed, forms top of

Sandstone, oolitic, tuffaceous, generally
more sandy than 3, pink-gray to gray-
pink, hard, well-to massively bedded,
some beds ripple-marked; together
with oolite below forms cliffs 20 to 30
ft high oo __

Limestone, oolitie, with some inter-
bedded tuffaceous calcareous sand-
stone, gray-pink to gray, hard, well-
to massively bedded. . .. _______._

SBandstone, tuffaceous, pink, light-gray
to tan-gray and greenish-tan-gray;
upper 18 ft oolitic and generally cal-
eareous, well-indurated; lower 12 ft
soft, though generally somewhat
better indurated than 7_ ... _.._____

Interbedded material like 6 and 7.____

Clay, some soft siltstone, grayish-Hght
red, semi-indurated, thinly bedded. _

Sandstone, tuffaceous, soft, semi-indu-~
rated; medium-grained sand with silty
matrix; probably large percentage of
silicie tuff; mostly pale red, especially
upper part, with bright-green grains;
well bedded. Some silty and clayey
beds, especially in lower part, where
many beds are gray and greenish

t exposed—fault cuts off section at base.

Thickness
(reet)

10+

25+

5

30+
2+

54

35%

.2
3

Depth
(feet)

10

35

40

70
72

77

112

112, 2
115, 2

Tasre 10.—Stratigraphic sections—Continued
Seetion 24

Stratigraphic section at type locality for Churchill soil (see table
12, soil profile 345) and alse for lower member of Sehoo formation
and lower {ongue of Indian Lakes formation. East bank of wash
on west side of Churchill Valley, 76 ft sowth of small basalt hill in
middle of valley, SEMSWY, sec. 16, T. 18 N.,, B. 30 E. Top of
section, alfiiude 4,180 + 10 feet.

i Thickness Depth
Sehoo formation: P { fe%t)

Lower member (bearing Toyeh soil) ;
Sand, medium and fine, limy, very pale
vellowish gray; some small pebbles;
abundant small snail- shells (Para-
pholyz nevadensis); at base a few
heads of coralline tufa (which grew
upward in sand from bases attached
to cobbles or pebbles in the gravel
bed below). Lacustrine. Top 8 in.
i3 weakly cemented by calcium car-
bonate (C., horizon of Toyeh soil,
eroded). About 250 ft south, sand
contains heads of dendritic tufa of
dendritic member of Sehoo, but the
high shore of the middle Sehoo lake
is not elearly marked.___._..___._._ 4 4
Lower member {transgressive phase):
Gravel, cobble and pebble with sandy
matrix; Hmy; thin lime ecoat-
ings on roundstones, and uppermost
cobbles and pebbles have thin dis-
continuous coatings of coralline tufa.
Roundstones are all basalt of Bune-
jug formation. Unit thickens to 5
ft 30 ft to the north and there con-
tains some smatl boulders_______._ 2 6
S8and, medium, white to light-gray
(10YR 8/1 to 10 YR 7/1); very clean
almost no pebbles or silt; very in-
coherent, except somewhat ce-
mented with caleium carbonate in
top 1 to 1% ft. Probably lacus-
trine e 10 16
Indian Lakes formation:
Lower tongue:
S8and, medium, with some pebbles and
cobbles; light-tan-gray; slightly in-
durated; probably alluvial ________ 2.5 185
Sand, medium, with some pebbles and
cobbles, especially at base; bright-
yvellow-tau; moderately coherent; v
some weak cgleium carbonate con-
centrations. Alluvial. Thickens o
5 ft, 30 ft to the south____________ 1.5 20

Sharp contact, dips about 10° 8.; slight discon-
formity.

Wyemsha formation (bearing Churchill soil):
Band, medium, with a few pebbles, cob-
bles, and angular rock fragments in
uppermost 1 ft. Grains mostly frosted.
Eolian: Top 4 ft bears Churchill sgil,
whieh is exceptionally well preserved
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Tapre 10.—Siratigraphic sections—Continued

Section 34— Continued

Wyemaha formation—Continued
here (see soil profile 348). Upper few
feet of sand partly indurated by soil de-
velopment, lower part of sand is uncon-
solidated. Mostly parallel bedded, dip-
ping several degrees southward; loeaily
crosshedded. Base of sand not exposed
here, but about 60 ft to north it overlies
boulder gravel of Eetza formation.__._.

Section 35

Thickness
(feet)

Depth
(feet)

40

NEY, sec. 17, T. 18 N., R. 30 E. Stratigraphic section exposed
in bank of drainage canal and 5-fool auger hole in flat near former

courae of Stillwater Slough.

Fallon formation:
Second lake unit:

1. Sand, fine-medium, light-tan-gray,
uncemented, clean, parallel-
bedded. Lacustrine.____.__.__.

First lake unit:

2, Clay, silty and sandy, brown, many
snail shells. Lacustrine__...___

3. Sand, fine, gray, sotne snail-shell
fragments; weak caleium carbon-
ate cementation. Lacustrine.__

4. Sand, fine-medium, brown. Lacus-

Turupah formation (bearing Toyeh soil):
5. Sand, fine, eolian, somewhat ce-
mented with calcium carbonate,
especially in lower 1 ft (C,
horizon of Toyeh soil)_ . _______
6. Sand, fine and fine-medium, rela-
tively uncemented. Eolian_..__
Disconformity.
jehoo formation:
Upper member:

7. Clay, brown, many snails. Lacus-
trine__ . ...
Disconformity.
Dendritic member:
8. Clay, greenish-gray; top several

feet darker and somewhat car-
bonaceous. Lacustrine_.._____
Thinolite unit(?):

9. Clay, lean, rust-colored, and with
light-gray limy segregations.
Lacustrine.___ .

10. Clay, lean, greenish-gray,
small crystals and crystal ag-

gregates of thinolite and small
rounded tufa nodules; some os-
tracode coguina partings, com-
monly showing rusty staining.
Lacustring . oo

Lower member:
11. Clay, olive-green-gray. Lacus-

se not reached.

Thickness

(Feet)

6.3

Top of seciion, alittude 3,9244 8 feel.

Depth
(feet)

2.9

3.4

4 2

8.2

7.1

7.6

13. 9

14 2

147

18.7

TaBLE 10.—8tratigraphic sections—Continued

Section 37

133

NE cor. sec. 20, T. 18 N.,, R. 28 B. Top of section, altitude

3,940 feet. Carson River flood plain.

posed in drainage canal bank, and 5.5-foot auger hole.

Fallon formation:
First lake unit:

1. Sand, coarse, medium, and
fine, moderately well to
poorly sorted, light-tan-gray
to locally dark-gray; mostly
rather lenticular parallel-
bedded, but some small-
scale ecrossbedding near base.
Lacustrine. .. . ..___

Sharp contact, undulating ; minor

disconformity.

2. 8and, fine, and very fine, grad-
ing downward to silt; some
irregular tufa nodules and
gypsun(?) segregations; iron
stains; at base, 1 in. of
medium sand, very dark
gray. Lacustrine_______._

3. BSand and silt, interbedded,
parallel bedded. At top,
0.5-1 ft of silty coarse to
fine sand, poorly sorted,
medium-gray; then about

. 2 in. tan-gray silt; then 3—4
in. fine-medium sand, clean,
loose; then about 4 in. blue-
gray to light-tan-gray silt,
and silty clay. Some iron
staing, abundant gypsum
segregations, slight salty
taste. Lacustrine ... __.

Sharp contact, possible minor dis-

conformity.

4, Silt (very fine sandy to slightly
clayey); top 6.3-0.5 ft dark
gray to nearly black, due to
carbonaceous matter, and
sandy; remainder tan gray

? and better sorted: some
interbeds of fine sand in
lower part. A few gypsum
segregations, iron stains.
Lacustrine. oo ceuocceo

Sharp contaet, possible disconformity.
Turupah formation:

5. Sand, coarse and medium, local
lenses of fine-pebbly coarse
t0 medium sand, clean, un-
cemnented {loose}; pebbles
rarly to % in. diameter
(typical Carson River as-
semblage). Top 3 in. locally

well cemented. Alluvium
(Carson  River channel
sand}. oo

Sharp contact, disconformity.

Thicknees
(feet)

2.3

N o

1-1.5

Stratigraphic section ex-

Depth
(eet)

2.3

2.7+

4, 2%

5 5+

9+
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TaslE 10.—Siratigraphic seciions—~Continned

Section 37—Continued

o formatjon: m(}cg’;n)m lgfgﬂ?
Upper member:
6. Clay, gray-brown, fatty, com-
pact; iron stains, some car-

bonaceous matter (black

stains). Lacustrine____._._ 0.7-1. 5 10+
7. Band, fine, clean, gray-brown.

Lacustrine_ _______.__.._.__ .7 10. 7+
8. Sand, medium, clean, gray-

brown. Lacustrine....____ 2.0 127+
9, Sand. ..o ___._. 2.5 15. 24+

+ not exposed.
Section 39

oor of Hidden Cuave, on north side of Eetza Mouniain, SWi4
21, T. 18 N., R. 30 E. Straligraphic secltion exposed in west
of pit N6 dug in 1951 by California University and U.S.
. Survey archaeologic field party (Grosscup, 1856}. Top of
., altitude 4,108 feel. -

. Thickness Depth
m formation: ( feet) ( f}:ﬂ

Upper member equivalent:

1. Silt, some very fine and fine
sand; light-gray. Eolian;
sparse pebble-size angular
fragments of red basalt
and tufa, probably roof
fragments; well-bedded,
beds thin and parallel;
somewhat coherent, tends
to form soft blocky frag-
ments; thickness some-
what variable, due to dep~
osition over irregular sur-
face sloping slightly to-
ward interior of cave; top
surface originally was al-
most level ____________. 0.7 0.7

Second lake unit equivalent:

2. “Top midden™; rat and bhat
guano, with abundant
Typhetum {(cattail) leaves,
some clam shells, a few
feathers, and Lovelock
(cultural) Phase, of Heizer
(1951) artifacts and occu-
pation debris. Over 85
percent of artifacts re-
covered from the cave in
1951 came from thisbed__. 0.3+0.15 L 04

First interlake unit equivalent:

3. Bilt and fine sand, poorly
sorfed, with many angular
rock fragments; probably
slope wash. Loecal guano
parting, 0.1 to 0.5in. thick,
about 7 in. below top.
Rather constant sandy
gilt (eolian?) layer about
0.2 ft thick in middle of
unit, with dark-brown
staining and local midden

TasLE 10—Siratigraphic gections—Continued

Section 39—Continued

Failon formation—Continued
First interfake unit equivalent—
Continued
parting at top. Sparse
artifacts, of Lovelock

4. 8ilt and fine sand, well-
bedded, bedding thin and
parallel. Probably eolian

First lake unit equivalent:

5. “32-inch midden.”” One or
more midden layers, inter-
stratified with silt and fine
sand {(eolian?) and with
rocky silt (slope wash)
layers. Continuous mid-
den 0.240.15 ft thick at
top; several discontinuous
local midden partings
below. Midden consists
of rotted bat guano, plant
matter (tule, cane, and
cattail); has numerous
artifacts of the Lowvelock
Phase of Heizer (1951)___

Turupah formation:

6. Silt and fine sand, pale-gray,
evenly and horizontally
bedded {loess), with local
lenticular layers of grav-
elly silt (slope wash);
latter increase in propor-
tion toward cave portal;
%-in. discontinuous mid-
den parting in middle.
Unit thickens to more
than 3 ft in east wall of
pit and there contains a
white pumiceous ash part-
ing, ¥4 to ¥ in. thick, sev-
eral inches above base.
Two obsidian points oh-
tained from upper part of

Indian Lakes formation (late Schoo cor-
relative::

7. Gravel, coarse to fine, poorly
sorted, much interstitial
sand and silt, many blocks
and boulders, some 1.5 ft
in diamneter. Slope wash,
Thickens to more than 1 ft
in east wall of pit. Local
discontinuous rotted guano
partings. Many bones of
small mammals and birds.

Four projectile points as-
signed to the Hidden Cave

{cultural) Phase by Gross-
eup (1956) e

Thickness Depih

{feet) (feet)

0.7+0.2 1.7+
.24 1.9+
L1t 3.0
1.7+£ 4.7+

.9+ 5 64
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Tapiy 10-—Straigraphic sections—Continued Tapre 10.—Stratigraghioc sections—Continned
Soetlon 39-Clontinued Bection 33-—Continued
Seshoo formation: ??jgkg?}m ?fs%% Sehoo formation—Continued T?;ﬁ;?f o ?;ﬁ%
Diendritic member {regressive Lower member—Clontinued
phase)}: surface broken by deep
8. CGravel, very fine pebble. gaping cracks, probably
Lacusirine. Well sorted desicestion  cracks, and
(little interstitial sand or these are filied by gravelly
silg}, tncemented. Thick- gsand from bed 11, A bird
ens to about ¥ fi at east bope found in one of the
wall of pit, and here is BTACHS . e e 1.3 8.7+
underlain by 0.6 ft of lake Lowermember (transgressivephase) :
sand. Barrenof artifacts. 1 BT 13. Lake gravel, pebble and cob-
Tiendritie member: ble. Roundstonss locally
9. Aftop, half & foot of massive derived, mainly ¢f red vol-
lacustrine limestone, cunic brecoin and blask
white; smooth upper sur- andesite similar to that in
face, dips about 15° E, walls of Hidden Cave and
flattening to less than 5° exposed in slopes above
at esst wall of pit. Well- the save. TUncemented. . 14+ 07
hedded, strata about 1 in, Base nots exposed.
thick, thinning easbward; "
many fgh bongs. In low- Sectlar: 40
er seversl inches thinly BEMSWY, sec. 22, T. 18 N, B 30 B. Stratigraphic section
bedded brown lake olay expozed in bluff af kead of main gulek in Eetza Mountain, east of
alternates with partings of Hidden Cave. Top of section, altitude 4,884 Fee, &5 crest of o Lake
white, soft, lacustrine lime- Lahontan bar built across divide between bedrock ridges o the easl
stone; this part becomes and west.
ineressingly clayey east Thiokness Depth
ward., DBsrren of  arti- Sahgy formation: (Feet) { ;%?;t}
FROBS v o m e N 6.6x Lower member (regressive phase,
adian Lakes formation: bearing Toyeh soil):
Midedle fongue: i. Gravel, eoarse, fairly olean,
10. Gravel, coarse, very poorly mostiy pebbles and cob-
sorted, containing angular bles of Bunejug formation;
blogks and boulders as algo some of cellular tufa;
much a¢ 18 in, but mostly sarme have waber worn coat-
less than § in. diameter, ings of lithoid tufa {re-
with some interstitial sand worked from unit 8). La-
and silt; shghtly cemented oustrine. Top 1 to 1% {
with ¢aloium earbonate, hears Toyeh soil. . wounn a1 3k
Slope wash., Barren of Lowser member (transgressive phiase)
artifacts, Yielded abioek 2. Cellular tufa in place (lrreg-
of gellular tufa {of thelow- ulgr layer}. Lncustrine... LBk 3 5
er member of the Sehoo), . 3. Gravel, coarse, many cobbles
‘Thins rapidly eastward to 0 10 in. diameter; matrix
0.1 & thick at east wall of fairly well sorted medi-
of Plbe e 17 B.3x um gravei; costed and
hoo formation: cemented with lithoid tufa,
Lower member (regressive plase}: especially in upper part.
11. Lake sand, pebbly, clean, un- Tacustrine, Upit thins
vemented; no artifacts. - .1 8 4k rapidly  southwestward
Tower member (high-level phase): fromerest of bar_ _vewwnn 1.5k 5%
12, Lake day, silt and silty fine 4. Gravel, medium, with a few -
sand. Top third is faintly cobbles, {Bass of unit
Isminated brown E‘;E&}'; pggri}r ex:pc,sed_) ________ 254 T.6x
middle third is brown silt; 5. Gravel, cosrse, with sorge
lower third, br{iwn silty small boulders to 1 Ft.
finszsand. Clay is slightly ‘o buf " cent
gypsiferous. Neardy uni- . No tufa costings exep
form in thickness over pit very thin discontinuous
floor, but dips several de- white ones that may be
grees  westward. Upper secondary. Looustrine. . 3+ 1654
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TaBLE 10.—Siratigraphic sections—Continued TaeLe 10.—8tratigraphic sections—Continued

Section 40—Continued section. The contact between the Wyemaha formation and
1o formation—Continued T?;g,;?)e“ (szgir)n grP.vel of the Eetza .for.mation is well exp(?sed in several small
Lower member—Continued tributary gulches within a quarter of a mile to the southwest.
6. Gravel, medium, with some cob~ Section 41
blt_es (poorly .exposed).  Lacus- SEY sec. 21, T. 18 N., E. 80 E. Siraligra phic section exposed in
trine. oo RS 1354+ bank of small gully at sowthwest side of saddle at west end of Wye-
7. Gravel, boulder, many POuidem meaha Valley (pls. 7 and 8. Top of section aliitude about 5,996
more t;ha.n 1 {4 dismeter. feet. Lower 2 feef is dug pil.
Lacustrine_ ____ _cuuueou_____ 3+ 16%+ .
8. Granule-sand and fine gravel, Sehoo formation: Thﬁé’;ff s ?;f::;
well-cemented by lithoid Dendritic member:
tufa. Lacustrine__.._....._ .54 17+ Gravel, very fine, well-sorted; top sev-
9. Gravel, coarse and medium, in- eral inches densely cemented by
terbedded. Coarse layers con- lithoid tufa, weathers toslabs. La-
tain cobbles and small boul- custrine.. o . . _________ 3.0+ 3.0+
ders to about 1 ft diameter. Disconformity, representing subaerial ex-
Some lithoid tufa coatings on posure.
roundstones, but evidently Thinolite unit(?} (bearing incipient un-
reworked, not deposited in named soil): :
place. Lacustrine.._....____ 5 224 Clay, silty, grading to silt, clayey silt
10. Gravel, medium, sandy, espe- and fine sand in lower part. Cal-
cially in lower part. La- cium carbonate nodules and platy
eustrine . o _.- 3 25+ partings locally at top and near
onformity. base, drusy-crystalline tufa nodules
maha formation (bearing Churchill soil, at base (no definite thinolite seen,
yded) : however). Lacustrine. Top gev-
11. Sand, fine-medium and medium, eral inches are weathered and show
mostly pale-yellowish gray. incipient soil development—oclay is
Eolian. Top 10 in. (locally checked, stained rusty red-brown,
eroded) is B horizon of Chur- and has some white soil-lime concen-
chill soil, light yellowish brown tration. . o .cwmws oo 2.0 50+
(10YR 6/4) sandy loam, weak Lower member:
prismatic, hard, noncaleareous; Gravel, fine, well-sorted, uncemented,
next 12 in. is B, horizon, most pebbles under 1 in., maximum
light-yellowish-brown (10YR gize 1% in. Lacustrine. . ___.____ 1.3 6.3+
6/4), massive, slighfly hard, Sand, medium, with some coarse sand
with weak firregular ecaleium and granules, 4 few small pebbles;
carbonate concentration; next uncemented. Lacustrine.__.______ 1.2 7.5+
20+ in. is O, horizon, very Gravel, cobble. Lacustrine.._______ .6 8.0+
pale brown (about 10YR 7/4) Base not reached,
to white, massive, hard to Section 42
locally slightly hard, with
strong to loeally moderate cal- SEY sec. 21, T.18 N, B. 30 E. Sirafigraphic section exposed in
cium carbonate concentration; bank of large gully at southwest side of saddle ot west end of Wye-
next 18 in., is lower part of Ces maha Valley (pls. 7 and 8). In type area of Wyemaha and Sehoo
horizon, very pale brown to formations. Top of section, allitude about 4,012 feet.
locally white, massive, slightly . Thickness Depth
hard to locally hard, with ir- Sehoo formation: . , (feet) (feet)
regular strong, moderate, to Dendritic member .(bearmg Tc?yeh soil):
weak caleium carbonate con- Gravel. Medium gravel m-top 1 f-t
centration; the underlying and bottom 1 ft, remainder is
sand, below the soil, is un- gr'a.nule sand, very well sorted,
consolidated, single-grain, and with some small pebbles. M?‘I{Y
locse. The stronger caleium waterworn frag;ments of dendritie
carbonate concentration oceurs tufa. La.custnne. Top 1 £t bears
in whitish streaks, irregular . Toyelh SOML e 7+ T+
bodies, and some cylindrical Disconformity. . o s
bodies ¥ to 1 in. diameter Lower merx}ber {bearing incipient un-
{(apparently precipitated nanlled soil, eroded): . .
around former roots)_______. 404 65+ Sift, clayey, and silt, very .hp}y.
Top appears weathered (ineipient
z—Beveral units vary considerably in thickness within short soil  development, somewhat
distances; the thicknesses cited are averages in the line of eroded). Mainly silt in lower
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TasLE 10.——Stratigraphic sections—Continued

Section 42—Continued

Thickness

Depth
(rect) o

Seboo formation— Continued (feet)

Lower member—Continued
part. Limestone parting at base,
Lacustrine_ .. ________._____
Sand, very fine, and fine, with some
very fine sandy silt in middle; ostra~
codes. Lacustrine___.____.__._ i

1.5 8.5+

9.2+

2.0 11.2+
Gravel, medium, and medium sand.
Lacustrine. - oo oL _. .7
Disconformity.
Wyemaha formatjon (bearing Churchill soil,
eroded):

Sand, fine-medium and medium, pale-
vellow-gray, somewhat crossbedded.
Eolian. Partly indurated, with ir-
regularly disseminated white soil-lime
concentrations, commonly along bed-
ding and joints (eroded C.,, horizon of
Churchill s0il) e. o - oo oo e

Base not exposed.

11. 9+

2.5 1444+

Section 43

SEY sec. 1, T. 18 N., R. 80 E. Stratigraphic secltion exposed
in bank of large gully af southwest side of saddle af west end of
Wyemaha Valley (pls. 7 and 8). In lype area for Wyemaha and
Sehoo formalions., Top of seclion, altitude about 4,045 feel.

Thickness Depth

Sehoo formation: ) (feet)

Dendritic member {(bearing Toyeh soil):

Gravel and pebbly sand. Top 2 ft
is very fine gravel and granule
gand with some pebbles over 1%
in.; middle part, coarse sand and
grit with some small pebbles, well
sotted and uncemented; lower 2 ft
is sandy medium gravel grading
to clean medium gravel at base.

Many waterworn fragments of
dendritic tufa throughout. La-
custrine. Top 1 ft bears Toyeh

85 85

Disconformity.

Dendritic member:

Silt and sandy silt, a little clavey
gilt, very limy, with platy Hme-
stone partings. Limestone part-
ing 1 to 2in. thick at base cements
top of underlying gravel. La-
eustrine_ - . .. e e

Dendritic and lower members:

Gravel, medium, grading to cobble
gravel at base. Many “wonder-
stone'’ pebbles in upper part, few
in lower. Lacustrine. The lower
(cobble) gravel, traced northeast
(along lake bar), is separated from
the upper gravel by a 1-to-14-ft
sand layer; also the lower gravel
coarsens and roundstones are al-
most entirely fron Bunejug for-

1.3+ 9.8+

137

TapikE 10— Stratigraphic sections~—Continned

Section 43—-Continued

Thicknesa

Denth
{feet) e

Sehoo formation—Continued (feet)

Dendritie and lower members—Con.
mation, indicating derivation
from shore drift from northeast.
Derivation of upper gravel (and
its ‘‘wonderstone’’ pebbles) is
unknown. Lower gravel is lower
member; upper gravel probably
is dendritiec member. .. . _..__

Lower member:

Pebbly medium sand. Lacustrine_ .5
Disconformity.
Wyemaha formation (bearing Churchill seil,
eroded):

Sand, fine-medium and medium, pale-
yellow-gray, somewhat crosshedded,
BEolian Semi-indurated, especially in
upper several feet, because of saleium
carbonate cementation by C., horizon
(eroded} of Churchill seil__ ... ___.__ 17

Base not exposed.

2.0 11. 8+

12.3+

29,3+
Section 44

SEY sec. 21, T. 18 N., R. 30 E. Stratigraphic section exposed in
bank of large guily at scuthwest side of saddle at west end of Wyemaha
Valley (pls. 7 and 8). In lype area for Wyemaha and Sehoo
Sformations. Top of section, altltude about 4,046 feel.
Thickness

(fee?),

Depth

Sehoo formation: (feet)

Dendritic member:
Dendritic tufa “heads’ in place, to
1-ft. diameter. Lacustrine_ .____ 0.5+
Silt, sandy, and fine sand, limestone
partings. Lacustrine._____.___ I

Dendritic and lower members:

Sand. Lacustrine .. __.______ 1.5

Lower member:

Gravel, very sandy, cobble,
eustrine . - _ oo 1.
Disconformity.
Wyemaha formation (bearing Churchill soil,
eroded):

Sand, medium and fine-medium. Eo-
slian, Top several feet are semi-in-
durated by lower part of C.. horizon
of Churchill soil (which is partly
eraded) oo o m e e 6.

Eetza formation:

Gravel, medium,

0.5+
0t L5+

3. 04

0L 4. 04

0+ 10. 04
well-sorted. Lacus-

10. 5+
11. 54

.54+
Lacustrine___ __...-- 1. 0+
soil,

Gravel, boulder.
Pajute formation (bearing Cocoon
eroded):

Gravel, boulder, poorly sorted, bearing
somewhat eroded Cocoon soil. Intop
several inches the interstitial fines are
reddish brown, somewhat clayey, and
nearly free of ealeium ecarbonate—the
B.. subhorizon of this soil; beneath is
dense caliche—the top of the Cea
horizon._ _ . i o

Base not exposed.

13. 0%
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TABLE 10—Stratigraphic sections—Continued
Seetion 45

BUNEY, sec. 21, T. 18 N., R. 30 BE. Generglized straii-

kic section ewposed in bank of large gulch on north side of

le between Betza Mountain and Sehoo Mountain (west end of

maha Velley}. In type area for Wyemaha and Sehoo forma-
Top of section, altttude 4,020+ 10 feet.

P Thickness Depih
o formation: (foets (fagt)

Dendritic member (bearing Toyeh soil):

1. Af surface, ¥ to 1 in. small pebbles
and grit (lag gravel). Under-
neath is 3% in. sandy silt, slightly
calcareous, with some granules
and pebbles, having prominent
vesicular structure (vesicular
horizon of Toyeh soil}). Balance
is granules and fine gravel with
some water-rounded fragments
of dendritic tufa; upper 4 in. is
slightly oxidized and leached of
caleium carbonate and grades
inlo 8- to 11-in. horizon showing
moderate soil-lime aceumulation
(B and C,; horizons of Toyeh
soil). TLacustrine______..._.-. 1.3-2 1.5+

Dendritic and lower members:

2. Sand, medium and fine, and &ilt,
highly caleareous, with many
partings cemented by caleium
carbonate and several partings
(generally 3 to 1 in. thick) of
nearly pure limestone. Abun-
dant ostracods and snail-shell
fragments. Top } ft. contains
many water-rounded fragments
of dendritic tufa. Lacustrine_.. 2-4 4.5+

Disconformity.

Lower member:

3. Gravel, coarse cobbly, with sand;
well-rounded roundstones of ha-
salt; loeally dips about 10° (lake
bar). Lacustrine______._._.._ 1.5 6+

4, Sand, medium to fine-medium,
clean, with a few small pebbles;
evenly hedded; some ostracods.
Lacustrine_ oo 1-3 8%

»nformity.

maha formation (bearing Churchill soil,

yded):

5. Sand, fine-medium to medium, well-
sorted, pale-yellow-gray; evenly
bedded {(not crossbedded); bedding
about flai, or dips 1°~2° downslope
{NW). No fossils. Sand is alinost
entirely quartz grains, well-frosted.
Eolian. Upper several feet are partly
indurated by soil-lime cementation,
with irregularly dispersed whitish cal-
cium carbonate segregations, espe-
cielly along bedding planes, joint
oracks, and as dispersed eylindrical
bodies ¥ to ¥ in. dismmmeter; latter
have hollow centers (generally less

TarLE 10—S8tratigraphic sections—Continuyed

Section 45—Continued

Wyemaha formation— Continued Tﬁ%ﬁe)‘” (1,’;‘55’;

5. Sand—Continued
than 1§ in. diameter), and probably
were precipitated about former roqts.
Caleium carbonate concentration de-
creases irregularly downward; lower .
beds commonly are poorly indurated._ 8 16
Base not exposed.

Section 45a

SWUNWY sec. 28, T. 18 N., B. 30 E. Siratigraphic section
exposed in southeast wall of 1952 gravel pit on north side of saddle
between Sehoo and Fetza Mouniains, af west end of Wyemaha
Vailey. Top of section {former land surface), alttiude about 4,080
feet.  Shown tn figure 15c.

- Thickness Depth
Sehoo formation: (feet) (fg{';g)

Dendritic member (bearing Toyeh soil):

Sand, fine, with some small pebbles;
pale-tan-gray; very limy; abundant
dendritic tufa in “heads’ commonly
more than 1 ft diameter and about
1-ft high, which grew upward from
gravel bed below. TUpper several
inches (B horizon of Toyeh soil)
darker and browner than material
beneath. Lacustrine.. . _...-._- 1 1

Dendritic member:

Gravel, cobble, with some amall
boulders to 1-ft diameter, and some
pebbles and sand in matrix; round-
stones are all bazalt of the Bunejug
formation; heavily coated with cal-
cium carbonate in top ¥ to 1 ft
(just below dendritic tufa layer),
next 3 to 1 ft is almost free of cal-
cium carbonsate; next 1 ft has heavy
(lithoid tufa} coatings, and. one
boulder coated with coralline tufa
(reworked from s bar of gravel of
lower member 30 ft to west).
Lacustrine . .. _..._______ 2 3

.Gravel, fine-pebble, to coarse grit
sand; well-sorted; relatively non-

Indian Lakes formation:
Middie tongue:

Band, fine, somewhat silty and grav-
elly; with variable amounts of
pebbles (mostly small), cobbles, and
loeally, small boulders; very limy,
with some calcium carbonate root
‘““casts’’; poorly sorted; indistinetly
bedded; variable in thickness and
discontinuous, but can be traced
around three sides of this gravel pit;
pinches out 20 ft to west. PQSSEbIe
very weak soil development in
uppermost several inches. Collu-
vium (slope wash) __ _____..o.__._ 1.8 &5




STRATIGRAPHIC SECTIONS, BOIL-PROFILE SECTIONS, AND WELL LOGS

TasLg 10-—S8iratigraphio sections—Continued

Section 45a—Continued

Sehoo formation:
Lower member:

Gravel, coarse; mostly lenses of small-
boulder and cobble gravel; tome
pebble-gravel beds, generally fairly
well sorted, with little interstitial
sand. Upper part very limy.
About 35 It to west thickens to 7 ft
and upper 3 ft is cemented by
lithoid tufa and topmost round-
stones bear coatings of coralline
tufa. Lacustine_ . ____-_____.___-

Sand, mostly medium, well-sorted,
some lenses of small-pebble sand;
limy; well-indurated. Lacustrine .

Sharp contaect; small disconformity.

Wyemaha formation (bearing Churehill soil,
eroded):

Sand, silty, gravelly, in upper part (poorly
sorted, with some pebbles, rare cobbles,
and small boulders) ; grades downward to
sandy coarse gravel in lower part. Col-
luvium (slope wash), Bears a strong
soil {Churchill soil); B horizon is mostly
eroded—top 3 to 4 m, is B., horizomn,
grayish-brown with some oaleium car-
bonate concentration, remainder of unit
Is Coa horizon, with strong concentration
of ealcium earbonate, causing much
white mottling; C,, horizon extends
about 2 ft into underlying gravel .- - -

aall disconformity.

3tza formation:
Gravel, coarse—-small boulders and cobbles
in matrix of pebble gravel, with a local
lens of small-pebble gravel ; roundstones
all bosalt of the Bunejug formation;
Mmany of them are more or less ‘rotten’’;
those in upper 2 ft are strongly to mod-
erately caloium earbonate (lithoid tufa)
toated, in next 2 ft have only weak coat-
ings. A probable very weak soil lies
3% £t below top of unit—2 to 3 in. sug-
- Eestive of very weak oxide horizon,
underlain by several inches with very
o Weak soll-lime coneentration (noted Coa
horizon). Lowermost 1 ft is entirely
~free of caleium carbonate, unconsoli-
. dated, with matriy of black basaltic
g m.edium sand.  Crudely stratified; beds
. dip several degrees eastward ; apparently
27¢ part of a spit or bar. Laeustrine...

Thickneass

(feet)

L5

6. 5

ST

Depth
(feet)

9.5

10. 5

12

18 &

139

TABLE 10— Stratigraphic sections—Continued

Section 47

4006 ft south of 34 sec. cor. belween secs. 28 and 29, T. 18 N., R.
28 E. Carson River flood plain. Sirefigraphic section exposed in
druinage canal bank, and 4-foot auger hole. Top of section, altitude
3,927 feel.

Thickness Depth

i Fallon formation: (feef)  (feet)

Beecond lake unit:

Sand, fine, light-tan-gray, elean, thinly
bedded; beds dip northward as much
as 20°. Coherent. Bottom 1-3in.
elean medium sand, grading to clean
coarse sand. Aluvial and lacus-
trine (deltaie). . _____._____

Disconformity.
First lake unit:

Clay, chocolate-brown to light-brown
{darkest and iron-stained at top);
grades more fatty downward. La-
CUSATINe.. o oo 49 6. 3

First lake unit or Turupah formation:

‘Band, medium, clean, blue-gray, grad-
ing downward to crange-tan gray.

Alluvia] or lacustrine .- _.__.___.__ 2.0 83

Turupah formation:
Band, medium, some pebbly coarse. Allu-
vial e 4+

Base not exposed.

1.4 L4

12.3

Section 48

EBast edge sec. 88, T. 18 N., RE. 89 E. Carson Lake plain.
Stratigraphic section ezposed in drainage canal bank, and 3-foot
auger hole. Top of section, altitude 3,921 feel.

. Thick:
Fallon formation: . ’é}ceiﬁm l??fé’i

Third lake unit:
Sand, medium and coarse, peorly to
moderately well-sorted. Lacustrine,
Disconformity.
Second lake unit:
Silt, clayey, very dark gray, carbon-
aceous. Lacustrine __________.__ 0.3-0. 5 24
First interlake unit:

s Band, medium, clean, light-tan-gray;
very lenticular (low moundlike de-
posits). Bolian_____.__.__.___._

Sharp contact, disconformity.,

First lake unit:
Clay, dark-drab-gray. Lacusirine_. _
Sand, fine, dark-gray, carbonaceous... .7 7

Turupah formation:
Sand, coarse pebbly, pebbles to ¥ in. diam-
eter (typical Carson River assemblage).
Alluviom (Carson River channel sand)._ .

Base not exposed.

1.5 1.5

25495+
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TaBLE 10.—Stratigraphic sections—Continued
Section 45
r.sec. 834, T.18 N., R. 29 E. Stratigraphic seclion exposed

of dratnage canal in Carson Lake plain. Top of seclion,
1,919 feet.

Thickness
(feet)

Depth

yrmation:  foch)

g lake and interlake unié:
Sand, fine, with small calcium carbon-
ate nodules. Lacustrine._________
Sand, silty, fine, saline. Lacustrine.._
Sand, very fine, micaceous. Alluvial
{Carson River channel sand) _._____
Sand, fine, with small clay pellets;
nearly black, micacecus. Alluvial__ .5
sonformity.
rd lake unit:
Clay, black. Lacustrine_____._______
md interlake unit:
Sand, medium, clean. Lacustrine or
alluvind. o aiwn

=
<o
0=
[<

4.5

5.5

14 6.5

Seection 50

sec. 36, T, 18 N., B. 30 E. Northeast bank of gravel pit
bar at base of mouniain slope, near Salt Wells. Top of
titude 3,990+ 6 feel.

Thickness

Depth
Cfeats o

rmation: (feet)

er member (bearing Toyeh soil,
oded):

1. Sand, fine-medium, silty and
gravelly; pale-tan-gray.
Lacustrine. Lag gravel of
pebbles and small cobbles
at surface. Very limy
{eroded calcareous horizon
of Taoyeh soil}____cvuwrcau.

2, Bame as 1, but less sandy;
mostly poorly sorted coarse-
medium gravel, with mod-
erate se¢il-lime concentra-
tion. Lacustrine_____._.___

3. Sand, pebbly coarse-medium,
moderately well sorted;
very limy (soil-line). Thick-
ens to 1% ft 200 ft to west,
Lacustrine____ . .cwwcoeooo

er member:

4. Sand, pebbly coarse-medium,
poorly sorted, very limy,
pale tan-gray (nearly
white}. Thickens to west.
Lacustrine____.ocu_nnnan-

Sharp contact, disconformity.

5. Tufa, platy lithoid, coating

0.2-0.5 0.5+

i

1.0+

0. 5-0.7 L6+

0.2-0. 5 2.0x

and cementing medium
gravel (some pebbles to
3—4-in. diameter); pale-

gray, nearly white, locally
with reddish tinge, prob-
ably early lithoid tufa of
upper member. On south
side of gravel pit, dimin-
ishes to thin coatings on

TABLE 10.—S8¥ratigraphic sections—Continued

Section 50—Continued

Sehoo formation—Continued
Upper member—Continued
pebbles, especially the un-
dersides, in a 2- to 5-in.
layer of medium gravel. __
Sharp contact.
Dendritic member:

6. Gravel, very fine, and gran-
ule sand, coarsens down-
ward; fairly clean, slightly
cemented by lthold tufa;
10-25 percent dendritic-
tufa fragments; remainder
are basalt, andesite, silici-
fied +tuff, and rhyolite.
Lacustrine____.wname-coooo

Sharp contact.
Lower member ({ransgressive phase):

7. Gravel, cobble to wedium,
overlain by persistent 1- to
2-in. layer of cellular and
lithoid tufa in place. Lacus-

8. Gravel, very fine, clean,
heavily cemented by lith-
oid tufa. Lacustrine._.___

9. Sand, silty, fine-medium,
limy, saline. Lacustrine__

10. Sand, coarse, interbedded
with medium, somewhat
pebbly. Luncustrine______

11. Gravel, very poorly sorted
(sand, pebbles, some cob-
bles, and a few boulders to
more than 1-ft diameter).
Lacustrine_________u.----

Wyemaha formation (bearing Churchiil
soil, eroded):

12. Gravel, alluvial, as follows:
(a) at top, about 2 ft sandy
fine gravel (mostly coarse,
medium, and fine sand and
granules with very fine gravel,
some pebbles to 4 in. diam-
eter) ; most pebbles angular
to subangular; considerable
soil-lime concentration (erod-
ed C., horizon of Church-
ilt scil); large percentage
of pebbles are surface
checked and more or less
“rotten”’; (b} next 4 ft
cobble gravel; pebbles and
cobbles mostly subangular;
{c) lower 2 ft similar to (a),
but has less sand; mostly
grit and very fine gravel._

Eetza formation:

13. Gravel, boulder (boulders to
more than 2-ft diameter).
Lacustrine____.--—-———.__

Base not: exposed.

Thickness
(feet)

1 0.2-0.3

1-1. 5

0.5-0.7

2-2.5
0.2-0.3

0.4-0.5

1%

4, 5+

Depth
(fect)

2.3+

3.5

4.1

6. 4+

6.7+

T.1%

8.1+

12. 6+

14t
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TapLe 10—Siratigraphic sections—Continued

Section 53T

Generalized stratigraphic section of Bunejug formation along

west side (about 2 miles long) of Bunejug Mountains, secs. 21 and
28, T. 17 N., R, 30 B. (Depth column indicates approzimate

cumulative thickness.)

Bunejug formation:

~ Upper unit:

1. Olivine basalt, black, vesicular
to fairly dense; almost no in-
terbedded tuff, Weathers
brownish-black to purple-
brownish-black along joints.

Local uneonformity.
Lower unit:

2. In north, either red basaltic(?)
tuff-breecia or highly vesicu-
Iar basalt flow grading down-
ward from black to red. In
south, 10 to 15 ft red scoria
at top, over 1 to 3 ft white
ash, over 15 to 20 ft buff-
colored mafie tuff. . __.____

3. Andesite, basaltic, olive-dark-
gray, & few plagioclase phe-
noerysts in aphanitic ground-
mass with a peculiar silky
luster. Thin platy structure,
commmonly contorted, not
parallel to flow. Apparently
thins southward__._ . __.__

4, Basalt or andesite, black, platy;
has slight purplish east.
Porphyritie, with minor small
phenocrysts of plagioclase,
pyroxene, basaltic horn-
blende, and olivine. Prob-
ably absent in north__.__.._

5. In north, mainly red, purple-
red, and black basaltic(?)
scoria; in south, mostly red
basalt and red scoriaceous
basalt, some purple {0 biack
basalt (in middle part) and
red to black scoria, with 0
to 5 ft pink tuff at base.
Thickens regularly from
north tosouth_ . ___._____.

8. Olivine basalt, black, vesicular
and scoria. Absent in north,
gradually thickens south-
ward, to 50 ft at extreme
southwest edge of moun-

7. Main light-colored tuffaceous
zone. In north, 15 to 35 ft
thicl, with about 6 ft light-
buff to pink tuff and tufface-
ous gravel at top, remainder
gray to nearly white tufface-
ous gravel and waterlaid grit,

Thickness
(feet)

75~-180

15~-35

30-50

0-35+

3-75

0-50+

Approzi-
mafe
depth (feet)

100

125

165

185

220

245

TaBLE 10.~—Siratigraphic sections—Continued

Seetion 53T—Continued

Bunejug formation-—Continued

Lower unit—Continued
containing fragments of rhy-
olitic glass, white pumice,
and considerable basaltic

andesite or basalt, including
red to black scoria. Locally
10 ft olive-green palagonitic
tuff at base. At 4,500 peak
this unit is abnormally thick
and includes, at top, 25 ft
pink quartz latite or rhyo-
lite, strongly flow-banded;
20 ft light- to dark-gray
perlite; 50 ft white pumice-
ous tuff and tuffaceous grit,
and gravel, with several feet
of yellow tuff containing
gome raafic fragments near
base._ o et
&. Basic flows, undifferentiated.
Black to dark-gray and dark-
greenish-gray basalt and {or)
andesite flows, commonly
somewhat altered. .. __._._
Base not exposed.

Section 54T

Bunejug formalion at its type localify.

Bunejug formation:
Upper unit:

Olivine basalt Aows, black, vesic-
ular to fairly dense; almost no
interbedded tuff, Weathers
brownish black to purple brown-
ish black. ... ______.

Local unconformity,

Lower unijt:

1. Red basaltic tuff-breceia. ____
s+ 2. Basaltic andesite, olive-dark-
gray, sparse plagioclase phe-
nocrysts in aphanitic ground-
mass with silky luster. Thin
platy structure, commonly
contorted, not parailel with

3. Basalt or andesite, dark-gray,
platy, slight purplish cast.
Sparse plagioclase pheno-

4. Tuff-breecia, red, mafic, with
some red to purple highly
vesicular flows. ...

5. Andesite or basalt, dark-green-

Thickness

(feet)

15-95+

100+

141

Approzi-
male
depith (feet)

300

400

Stratigraphic section
exposed on west face of 4,886-foot mouniain, Bunejug Mouniains,
NEY%NEY, sec. 38 and NWUNWY sec. 34 (unsurveyed), T.
17 N., R. 30 B. (Depth column indicales cumulative thickness.)

Approzi-
maele
thicknege
{feet)

125

20

35

30

120

60

Approzi-
mate
depth ( feet)

125

145

180

210
330

390
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TanrLe 10 —Stretigraphic sections—Continned

Section §4T—Continned

Approzi-
male Approri-
thickness  mate
(feely depth (feel)

nejug formation-—Continued
Lower unit—Continued
6. Tuffaceous zone. Top 15 ft
brick-red to .purplish tuff;
middle part, white to light-
gray perlitic and pumiceous
tuff, well-bedded as if water-
laid, with some basaltic or
andesitic fragments; lower
part, light-buff and light-
grayish-buff tuff___________ 50
7. Basalt, black to red, red scori-
aceous basalt, and red scoria
(exposed only in northern
part. of west face of moun-
tein) . 50

se not exposed.

440

400+

Section 55

IEYE sec. 6 (unsurveyed), T. 16 N., R. 31 E. Northeast edge
Cocoon Mountains. Sirategraphic seclion exposed in bank of
p gully (fo erest of adjoining ridge). Top of section, altitude
80+ £0 feed.

Thicknesa

(feet) Teneh

100 tormation: (font)

Lower member:

Gravel, fine grades downward to
granule sand; sparse snail and os-
tracode shells; 2 in. medium gravel
at top with local cellular tufa in
place. Lacustrine___________.__

3+ 3+

Sand, medium, some granules; snail

and ostracode shells. Lacustrine.. 3 64

Band, fine and fine-medium well-
sorted; snail and ostracode shells.
Lacustrine_ ... _____ ... _______ 4

Sand, fine, bright-brown-yellow.
Lacustrine . 6

10+

16+

Sand, medium, grading downward to
coarse, well-sorted. Lacustrine._ 1

L5+

17+

Gravel, medium. Lacustrine_____. 18. 5+

Gravel, boulder; boulders to 2-ft

diameter. Lacustrine___________ 6+ 24 54

emaha formation:
Sand, medium and fine, pale-yellow-
ish gray., Hollan___________..._.

10+ 3454

Gravel, boulder, and cobbly pebble.
Lacustrine. Base not here ex-
exposed, but unit overlies Bunejug
formation about 200 it down-
stream_ - _ e 5 39. 54+

Section 55

"ype locality of Patute formation and Cocoon soil. Generalized
tigraphic section for several hundred feet along banks of Paiute
sh, about 0.9 mile cbove where abandoned wagon road from

TABLE 10.—Stratigraphic sections—Continned

Section 56—Continued

Salt Wells {o Rawhide crosses thie wash, 7.7 miles airline Southeast
from Sali Wells, NEVINW?, sec. 8 (unsurveyed) T. 16 N. R.
31 E. Top of section, altitude 4,200 + 20 feet.

Ampproxi-
Thickness ma

Sehoo formation: te
(feet)  depth (feet)

Lower member (bearing Toyeh soil):

Gravel, medium pebble, with some
eobbles and a few small boulders
(rarely more than 1 ft diameter);
bears Toyeh soil. Lacustrine_ ___

Contact generally sharp, locally grada-
tional. Lower member and Wyemaha
formation undivided:

Sand, medium, unconsolidated, poor-
ly exposed. Upper part is sand of
lower member of Sehoo, discon-
formable upon local lower part of
eolian sand of Wyemaha_________

Sharp contact.
Eetza formation:

Gravel, pebble to boulder, boulders gen-
erally less than 1% ft; subrounded to
subangular, indistinetly bedded; round-
stones all of Bunejug formation.
Lacustrine - oeceaann

Local disconformity.
Paijute-formation (bearing Cocoon soil):

Gravel, poorly sorted, coarse; boulders
(3 ft maximum diameter), cobbles,
pebbles, sand, and silt in varying pro-
portione; roundstones mostly sub-
angular to angular, all of Bunejug for-
mation; indistinetly stratified; dips
about 1° to 2° basinward. In places
top several inches have red-brown,
clayey matrix, relatively free of caleium
carbonate (eroded oxide horizon of
Coecoon so0il) ; remainder of thickness is
cemented (C,, horizon of this soil), with
dense caliche in upper 4 to 8 ft, de-
creasing below. Base not here ex-
posed, but unit thickens in exposure
upstream to locally 30 ft and in places
rests disconformably on Bunejug for-
LATTR 1 (n) o SO

2-6 4+

4-8 10+

13+

10+ 23+

Section 57T -

General stratigraphic section of Bunmejug formnatlion in ceniral
Cocoon Mountains near south edge of Carson Lake quadrangle, sec.
18 (unsurveyed); T. 16 N., B. 30 E. and sec. 18 (unsurveyed),
T.18 N., R. 31 E. (Depth column indicales approzimate cumu-
lative thickness.)

Bunejug formation: Fhickness A%:ﬂrtoeri-
Upper unit: (fee)  depth (feel)
1. Olivine basalt, dark-gray to black,
vesicular; commonly six or more
lOWS e cciecvmcmsacm e wuwawe  10-100 100
Local angular unconformity. 4
Lower unit: .
2. Tuff, mostly light-gray .. ____ 15-25 120
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TABLE 10.—Siratigraphic sections—Continued

Section 57T—Continued

Bunejug formation—Continued Thickness Aj:ﬂ?.eﬁ‘
Small angular unconformity. (feet) depth (feet)
3. Andesite and(or) basalt flows,
dark-gray ... 76+ 195
4. Tuff, bright-red to pink.__.____ - 15+ 210
5. Andesite and(or} basalt flows,
dark-gray. e L. 204+ 230
6. Tuff, pale-pink to light-gray;
poorly exposed - - oo 104+ 240
7. Andesite and(or) basalt fows,
dark-gray el 75+ 315
8. Tuff. Upper 10 feet reddish, pink,
orange or tan; remajnder white
or light gray and containing much
pumice and light-colored felsite.
Locally a few feet of dark-tan tuff
at base_ . ____________. 50+ 365
9. Andesite and{or) basalt flows,
dark-gray to black__ . __..__.._._ 504 415

Base not exposed.
Bection 60

SEVNW3Y sec. 18, T. 16 N., K. 28 BE. Bank of gully through
kigh gravel embankment at north front of Desert Mounltains. Top
of section, altitude £,860 3 20 feet.

Thickness
{feet)

Depth

Sehoo formation: (feet)

Lower member:

Gravel, fine, entirely rhyolite peb-
bles; thickens northward. La-
eustrine_ _ . __________.__.__.__

Gravel, fine and medium, entirely
rhyolite pebbles, cemented by
lithoid tufa with 0 to ¥4 ft of cellu-
lar tufa at top. Lacustrine.____

2-10 6+

2+ 8+
Disconformity.
Eetza formation:
Probably regressive shore deposit of
second Eetza lake:

Gravel, cobble, with mueh intersti-
tial fine gravel and coarse sand; 85
percent of roundstones are rhyo-
lite, remainder basalt and ande-
site; many are subangular. La-
custrine.. ___._ - o _____.____

Probably offshore deposit of second
Eetza lake:

Upper fine zone (top to bottom) : 3.5
ft silt, light-gray-yellow; 0.5 ft
sitby clay, tan; 1.5 ft very fine
sand, clean, tan; 1.0 ft silt, tan;
0.5 ft very fine sand, tan, Lacus-

13+

7.0 28+
Probably transgressive shore deposit of
second Betza lake:
Gravel, boulder, with interstitial
fine gravel; very angular; entirely
rhyolite. Lacustrine or alluvial___ 2

Discomformity.

30+

695~383 O-64—11

143

TanLe 10.—Stratigraphic sections—~Continued
Section 60—Continued

Thickness

Depth
(reet)

Eetza formation—Continued ooty

Probably high-stage offshore deposit of
first Eetza lake:

Silt, weak prismatic structure and
pale red-brown color suggest in-
cipient soil development. La-
eustrine. __ . __.____.___.__ .54 30.5+

31+
Probable disconformity (recording
subaerial exposure?).
Silt, clayey, eilt, and some silty
clay, tan-brown, with chocolate-
brown staining along irregular
prismatic partings, and carbona-
ceous streaks (root remains?).
Lacustrine. v o 2
Clay, silty, grayish-brown,
some white gypsum streaks.
CUSETING & _ o mem e i .6
Sand, medium, fine, and very fine,
interbedded, well-sorted. La-
custrine____..__ oo _ee_.

Alluvium (%)

Gravel, fine, angular, practically all
rhyolite. Alluvial gravel?_. .___ 2

Disconformity; probably represents sub-
aerial exposure,

Sand, medium, yellow, pebbly in top
% ft. Some white limy spots, prob-
ably soil lime (possibly incipient soil
profile). Lacustrine___.____.___.___ .6

Gravel, fine, angular, mostly rhyolite.
Lacustrine . . . ool .6

Base not exposed.

33+

33. 5

L5 35%

37+

37. 64

384

Notg~—The banks of a main wash ¥ mile to the southwest ex-
pose 20 to 85 feet of Betza formation between altitudes of
4,380 to about 4,200 feet. Unconformably underlying
gravel and tufa of lower member of Sehoo formation at an
altitude of about 4,300 feet (top of section} are the follow-
ing sediments of the Eetza, from top to bottom: 20 feet
cobble gravel, 15 feet sandy fine- 0 medium-gravel, a 25-
foot zone of alternating sand {coarse to fine), siit, and some
clean medium gravel (the lower part is mostly sand and
fine gravelly sand}. The last zone transgresses 5 to 25 feet
of coarse boulder gravel that is the basal deposit of the
Eetza. The basal gravel can be traced continuously up to
the highest shoreline (Lahontan beach), which it underlies.

TaBLE 11.—8oil-profile secttons in the southern Carson Deseri
area

[Soil-profile section numbers are consecutive with numbers of stratigrephic sections
and well logs [n tables 11 and 13]

Soil profile section 168

Type locality of Toyeh soil Location: NENSEL see. 22, T.
19 N, R. 20 E. Topegraphic position; near top of biuff on east
side of wash. Slope: 10 percent. FHrosion: slight. Exposure:
vertical channel dug in bank. Alfitude: 3,950+ 5 feet. Parent
material: eolian sand of Turupah formation. Overlying material:
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TMABLE 11.—Soil-ptofile sections—Continued

Soil profile section 16S—Continued

1d of Fallon formation. Vegelalion: scattered shad-
iplex confertifolia).

Soil Deseripfion

TABLE 11.—Soil-profile sections—Continued
Soil profile section 165—Continued

Depth  Thickness Sail

Descripti
(inches)  (imches)  horizen pron

:;.:cime);s pit 15-22 7 C  Light-brownish-gray (10YR 6/2) sand;

& Tight-gray (about 10¥ R 7/2) coarse eolian siructure, nearly single-grain; consisé-
sand; structure, single grain; comsist- ence, nearly loose.

ence, loose. {(Eolian sand of Fallon | 22-40 18 € Light-brownish-gray (10YR 6/2) sand;

formation, overlying the Toyeh soil.}
Abrupt wavy boundary; minor discon-~
formity.

structure, single-grain; consisience,
loose.

1 At this locality the B {oxide) horizon has besn somewhat eroded, for its thickness

3 At Light-gray (10YR 7/2) sandy loam; sfruc- | ranges from 0 to 5 inches within s few lest; consequently, the A (vesicuisr) horizon
ture, weak vesicular; consistence, hard. in this proflle probabiy is of post-Toyeh age. This nge also is sugeested by the
Abrupt, smooth boundary. vesicular structure which js abnormally weak for this soil—compare soll profile section 328,
4 B! QGrayish-brown (10YR 5/2) sandy loam;
{ruct moderate to stro OAT, . . .
struclure, rate to ng coarse Analyses of physical and chemical properiics
columnar; consistence, hard.
Clear, smooth boundary. [Sampling and analyses by M, E. Springer, Unlversity of California, Berkeley]
4 Cea Light-brownish-gray (10YR 5/2) sandy
loam; caleareous, many irregular white Apparent Percent | CO2 from
L M ¥ g , Horizon Degth density | Percent pH | nitrogen | carbonates
calcium carbonate segregations; sfruc- (loches) | (g/ee) | <2mm (whole | {(whole soil)
ture, weak coarse columnar to weak soil)
coarse subangular blocky and weak i
coarse and very coarse granular; cone | Aeooooomemoomannns 0-3 187 0. 4 5.9 0,000 52
sistence, hard. B ond Ces, +11 1.38 98.5| 100 . 008 2.9
C Light-b ish 10YR 6/2) 1 11-15 1.52 8.6 101 . 004 16
4 ca  Light-brownish-gray (10 {2) loamy 15-22 1.51 98,9 | 10,1 . 003 11
sand; sfructure, weak coarse columnar to 2240 147 92.4 9.8 . 001 .8
weak coarse granular; consistence, soft.

Soil profile section 173

locality of Harmon School soil. Location: % mile north of old Harmon schoolhouse; exposed in banks of branch irriga-
about 150 feet east of county road bridge across main irrigation canal, SWHXN W4 sec, 24, T. 19 N, R. 20 E. Topographic
lain.  Slope: none. Erosion: none. FExposure: vertical channel dug into canal bank. Alfitude: about 3,932 feet.
terial: colluvium ofupper tongue of Indian Lakes formation, derived from clay of Sehoo formation, Owerlying material:
chool soil is buried heneath about 11 inches of silt, fine sand, and basal tufa of upper member of Sehoo formation, in which
ot Toyeh soil has developed. The Cca horizon of the Toyeh so0il extends down into and somewhat modifies the Harmon
1. Precipitation: 5 inches per year. Nafural cover: Sarcobatus vermiculatus, some shadscale (Alriples conferlifolia).
reseni yuge: NONE. '

Thickness
(inches} Soil horizon Description Geologic unit
3.5 A e _ Light-gray clay loam; siruciure, vesicular, grad- Toyeh soil (vesicular horizon).

ing to granular in lower part; consistence,
harsh to floury.
Abrupt boundary.

4.5 Ba o Light-brown loam; structure, weakly columnar Toyeh soil on silt and fine sand of

to granular; consistence, hard (dry}, brittie. upper member of Sehoo formation.
Gradual boundary. .

3 BrCoam oo Light-brown loam; structure, weakly ecolumnar; Toyeh scil on silt and early lithoid
contains abundant hard tufa masses and some tufa of upper member of Sehoo
soft caleium carbonate concretions; consisi- formsation; silt probably wave-
ence, hard (dry), brittle. reworked from B horizon of Har-

Clear boundary. mon School sail, %

14 Cen (Toyeh soil) and
B (Harmon School

Light-brown clay loam; siruciure, weakly colum- B horizon of Harmon School soil, de-
nar to granular; containg some white caleium veloped in colluvium of upper

soil). carbonate coatings and concentrations; con- tongue of Indian Lakes formation.
sistence, hard (dry), brittle. Loecally absent Cea horizon of Toyeh soil is super-
(eroded). posed.
Clear boundary,
8+ Cea (both soils)_____ Yellow-gray clay loam; sfructure, coarse granu- Cea horizon of Harmon School soil

lar; constsience, moderately hard. Weak to
very weak calcium carbonate coatings and
concentrations.

Diffuse boundary.

and superposed Cea horizon (lower
part} of Toyeh soil, on colluvium of
upper tongue of Indian Lakes for-
mation.

ital thickness of colluvium of upper tongue of the Indian Lakes is about 32 inches. It rests on elay of the Seboo, which
e source maberial for the colluvinm.

(AT

o i HhoL
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TasLe 11.—Soil-profile sections—-Continued
Soil profile section 328

Relict Toyeh soil on dendritic member of Sehoo formatiou.
weation: about 300 feet east of road on east side of Rainbow
dountain and several hundred feet south of 4,160-foot bench
aark, in 8% see. 17, T. 18 N., R. 31 E. Topographic posilion:
op of lake bar (highest shoreline of the middie Sehoo lake),
lope: 1 percent. Erosion: very slight. FEzposure: dug pit.
Utitude: about 4,175 feet. Parent material: sand of dendritic
iember of Sehoo formation. Overlying materinl: none. Vegela-
ition: greasewood and shadseale, about 6 feet apart; some Arfe-
810 §DINESCENnS.

Depth Thickness Soil .
(inches) {inches) horizon Description

0. 75-0 075 Lag Fine gravel and loose sand.’

gravel

Abrupt, smooth boundary.

Pinkish grey (7.5¥R 7/2} very
fine gravelly sandy loam;
siruclure, strong vesicular,
weak coarse platy; consistence,
hard, brittle, harsh, floury.

Abrupt, smooth houndary.

Light reddish brown (5VE 6/3)
gravelly sandy loam; siruc-
ture, weak coarse columnar to
moderate coarse subangular
blocky; consistence, hard,
slightly harsh. Some soft
calecium carbonate segrega-
tions in lower part.

Clear, smooth boundary.

Light red-brown (5 ¥ R 6/3) grav-
elly sand; struciure, weak
coarse columnar; consisience,
soft fo slightly hard. Slight
calcium carbonate accumula-
tion.

Clear wovy boundary.

Pinkish gray (5YR 6/2) gravelly
sand; siructure, single-grain;
congistence, loose,

3 3 A

35 21 c

Boil profile section 348

ype locality of Churchill soil (sampled and described by
E. Springer and R. B. Morrison). Location: east bank of
1 gully on west side of Churchill Valley, SE¥4SW{ sec. 15,
8 N, R. 30 E. Topographic position: steep bank of smail
ntain wash. Hzposure: vertical channel dug into bank.
ude: 4,190 feet. Parent malerial: eolian sand of Wyemaha
ation. Owverlying material: Churchill soil is buried under
» 20 ft of sand and grave] of Sehoo and Indian Lakes forma-
i (see table 11, section 34).

pth Thickness  Soil
hes) (inches) horizon Description

-10 10 B Light brown (7.5 YR 6/3 to 10YR 6/5)
medivm sand with sparse rock frag-
ments; noncaleareous; siruciure, very
coarse angular blocky; consistence,

hard.
Clear, snooth boundary.
-16 6 B, Light-brown {75V E6/3) medium

sand, somewhat calcareous with a
few white calcareous concretions;
structure, almost massive.

Clear, smooth boundary.

TaABLE 11.—Soil-projile sections—Continued
Soil profile section 34S—Centinued

Depth  Thickness  Soil
(inches) (inches) horizon Deseription

16-96 80 Coa  Very pale brown (10YR 6/3 to 7/3)
medium sand, strongly to somewhat
caleareous, with white celeium ear-
bonate streaks, ‘“‘concretions,” and
irregular concentrations; structure,
structureless, massive to single-
grain; constsience, very hard to looze.
Concentration of calcium carbonate
decreases somewhat irregularly from
top to bottom; upper 2 to 3% ft
has numerous to common carbonate
streaks and concretions, and is mas-
gsive and locally almost cemented
and hard to very hard; remainder of
thickness has some to few caleium
carbonate concentrations, is massive
to single-grain and slightly hard to
loose, except for a Y-in. to 1-in.
white calcium carbonate cemented
layer at 53-54 in depth.

Diffuse boundary.

96-116 20 C Light-gray. medium sand (10YE 7/2)
with sparse white caleium carbonate
streaks and concretions; siruciure,
single-grain; consigience, loose,

Chemical and physical properties

[Churehill seil ot its type loeality. Sampling and analyses by M. E, Springer
University of California, Berkelay)

Appar- Percent CO; [rom
Depth (inches) ent Percent | pH N {whole| C/N | carhonates
density | <2mm soil) (whole
glec soii}

8.8 0.012 | 9.8 0.4
8.6 L0091 87 1.3
8.9 006 |l 3.8
8.9 005 ] 8.8 3.8
9.1 P o1 R
0.1 .02 .3
8.9 .02 .1
8.3 . 002 .1
9.9 .02 .2
9.2 .00 .4

Particle-size distribution—Percentage of that fraction <{2mm
{Organic matter and carbonate in free sofil)

2.0-1.0 | 1.6-0.5 | 0.5-0.25 | 0.25-0.10 | 0.10-0.05 | 0.05-0.002 <0.002
mm mm

Seil profile section 368

Type profile section of the L-Drain soil. Loeation: north-
western part of Navair Flat, NE¥ see. 16, T. 18 N., R. 29 E.
Topographic position: nearly level plain. Hrposure: dug pit.
Erosion: none. Alfitude, 3,939£3 feet. Parent malerial:
alluvial sand coeval with first lake unit of Fallon formeation.
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maerEe 11-—Roilprofle seotions-Contnued
Foil profile section 368~ Coniinued
Ouerlying maferial: 1% inches of eclian sand of upper member of
Fallon formation,

Depth Thisknes:  Soil
(inches} {inchesy  horfzon

-1 1 A

Deseription

Light-gray (10YE 7/2) sandy loswm:
sfructure, weak vesicular; comsislence,
sHghtly hard,

Light-gray {10V R 7/2) sandy loam; sfruc-
fure, very wenk vesiculer and wealk conrse
granular; congistencs, slightly hard,

Abrupt, stnooth boundary. i

Brown (10¥E §5/3) loamy sand; struc-
ture, very weak coards grapular;
consistence, shightly hard.

Grayish-browu (10VE 5/2) sand; slrue-
ture, very weak comrse granuiar;
consisience, very zoft; lonally slightly
calenraous,

Clear, wavy boundary,

Pale-brown (I0VE 673}, coarse and
medium sand; single-grain, looss, non-
ealeareous (parent matsrial).

) Chemical and physical propertics

[Angiyzed by M. F. Springer, University of California, Berkeley]

1-8 2 A

37 4 B

718 Bea

20 7 C

. Apgar- Peroent GOz From

Boi} Dapth | entden- | Parcant N earbimates

Lorizon {Inches) sity <fmim | pi | (whels | GV ) (whpio

{g/ee} {aoll} s0il}
-1 1.51 oLl 9.6 0000 ..., 0.4
vestenler)... {97 146 pd ) 03 AR ‘8
HOXIAB) e m -7 151 9.6 ; 0.6 06 4.9 2
Y . 713 1,58 95,7 9.6 0B 69 .
.............. L I R, 87.5 5 4.6 11T S .2
Pacélele size distribution
Pepenntage of that fruction <02 nim (898l (rae of tritnic Mmsifer
Sedi and earbonate}
hordzon
Z06-L0 | Lo-05 | 0.5-035 | 055010 | 0.10-008 L 0060002 0002
mm | mm won o mr mm o
menlrd. .0 118 8.2 7.8 241 2.1 53 0.3
sxidel Ll 8.2 02 i 1 6.3 &4 8.2
17,87 24 2ol 2.7 8.2 a8 8.8
Wil B4 4] w2l e 24 3.5
£

Beil prefile section 468

Coeoon soil {sampled and deseribed by M. E. Springer and
B. Morrison). Locafion: 12 miles southeast from Fallon,
w., 1,500 feet south southessi from Eagles House, in NEM-
N1 see, 24, T. 18 N, R. 30 E. Topographic position: erest
hill (almost flat summit). Hzposure: dug pit.  Alftude:
60 feet, Slope: 1 percent. Hrosion: very slight, Parent
terial: silicified tufaceous sandstone of Truckee formation,
wlain by 1 to B fest of creep, solifiuction, or residual mantle
[Favinmy. Neiural cover: sparse; mainly Hitle gressewood
| shadseals.
Nofe: Upper part of B horizon apparently i eroded, and the
fiving A horizon probably postdates the Cogoon soll proper.)

epth  Thickness Soit
<Al {inehae} Aorizon

Dageription
50 054

Gravel and roek pavement cover-
ing 30 perosnd of surface.

Pinkish-gray {V.5YE 7/2) very
Ane sandy loam; s#ruciure,
strang  vesisular, moderate
coarse columnar; consisfence,
slightly hard, harsh, floury.

3 4
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Fapte 11~—Soilprofile seckiong—Coniinued
Soif proéile section {68—Continved

Sofl
horizon

Thicknase
{inchen)

642 ey

Legeriplion

Abrupt, smooth boundary; prob-
ably minor disconformity,

Reddish-brown {(8Y R 5/3) stony
clay loam, conisins some soft
ealeium carbonate in streaks
and blebs; siructure, medium
granmular;, consistence, friable.

Clear, wavy boundary.

Light-reddish-brown (5Y R &/3}
stony losm; contains much soft
caleium earbonate; sfructurs,
mediurn to coarse granular;
censtgiency, friable,

Diffuse boundary.

Pink (B¥E 7/3) stony leam, with
much ezlelum carbonate sfrue~
fure, masstve; congistence, parkly
semented by calefuin carbonate,
very hard.

Gradual boundary,

Light-reddish-brown (SYE 6/9
gravelly loam, with lzss caleitira
earbonate accumulation than
above; struclure, struetureless,
massive; congislence, alternate
hard-cemented and loose layers,

Nore.—~In places ealeium carbonate filly eracks of the shattered
bedrock to depths of 810 feet,

Analyses of physical and chemical properties
[Bamplingand enslyses by M. R, slgzilﬁ%gg, University of California, Berkeley,

(Bysa)

Ll

3-8

§~14 8

Coeay

14-20 ] Ceae

20-38 16 Ceas

Appet- Percont CoQs from
Soit herizon Diiti‘s ent Parcent | pHt N CIfN | carbonates
(inchest densiiy | <%mm {whols {whole
igfe) soil} saofl}
[ S $-3 1.3 ga.0t 4§ 602l 7.4 &3
)2 2% W 1.i3 44,8 &7 {81 42 20
314 42 3851 88 o7 BT 3.4
e mmarm e 14-20 1.38 4621 &3 RN 13.0
036 7 N A 8.3
3542 L% - 7 R S——

Bodl profile section 358

Cocoon soil fssropled and deseribed by M. BE. Springer and
R. B. Morrison). Locafion: summmit plateau of White Throne
Mountains, 15 majles south of Fallon, Nev.,, NEXNW see. 15,
T.16 N., R. 20 E. (% mile southwest of town of Mountains, in
Carsan Lake quadrangle). Topographic pestiion: broad nearly
flat ridge crest. Frposwre: dug pit. Altifuder 4,740 feet.
Stope: 1 percent. Hrosion: very slight to none. Parent ma-
fersal: solifftuction and creep mantle about 15 inches thiok, under-
lain by vesieular olivine basalt of Bunejug formation. Naturel
cover: sparse shrube (shadseale, 80 percent; little groasswood, 60
pereent), very spatse Bromus feclorum,

Thick
Iwpth mess St Deseription
{inches) (inchet) herizga .
-3~ 14 .... Desert pavement of dark-brown vamished
flagry basalt blodks and pebbles, cover-
ing 9 percent of surface.
0-2 2 A Pinkish-gray (5VR 7/2) fine sandy loam;

struciure, vesiotlar, moderate coarse
eolurmnsar sand wesk medium plaby; con-
sigtence, slightly hard, harsh.
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TAnLE 11.—-Seil-projile sections—-Continued
Soil profile section 585—Continued

Deptk  Thickness  Sofl

(inches) (inchesy Aorizom Deseription
Abrupt, smooth boundary; probably minor
disconformity.

2-6 4 B: Reddish-brown (¥R 5/3) clay loam;
siructure, moderate coarse granular;

consistence, hard, Contains more roots
than layers above and below.

Clear irregular boundary.

Light-reddish-brown (5¥E 6/3) sandy
loam; structure, weak granular;: consisi-
ence, slightly hard. A few roots; many
caleiumn earbonate concretions below 7
in. depth.

Gradual boundary.

Pink (¥R 7/3) to white gravelly sandy
loam; contains many flat ealcium ear-
bonate concretions; séructure, massive;
consistence, cemented, very hard.

Gradual boundary.

White calcium carbonate cementing frac-
tured dark-gray basalt.

NoTte.—Interval from —1 to 0 and 0 to 2 Inches probably has formed later than the
Cocoon soil proper and henees i5 not properly a part of its profile,

6-9 3 Bjca

9--15 6 Cea

154 Cea

Chemical and physical properties

{Profilesampled and anatyzed by M E, Springer, University of California, Berkeley]

Depth | Appar- | Percent Percent COq from
Soil horizon | (inches) | entden- { <2mm | pH |N (whole] C/N | carbopates
sity {(g/ce) s0i1) (whele soil)
0-2 1.33 97.2) 0.3 0.017 B. 3 1.4
2-6 1,04 83,81 7.6 47 1 125 .1
-9 1.35 E7.2( 8.4 .026 | 10.4 13,7
9-15 1.47 2.5 8.5 L014 jo__._ 23.2
1 o I D memmemmm 20,0

Particle-size distribution
Percentage of that fraction <2 mm (organic matter and carbonate-

Iree soil}
Boi? horizon
2.0-1.0 | L0-0.5 | 0,5-0.25 ; 0.25-0,10 | 0.10-0.05 0.05-0.002} < .002
mn mm mm mim mm mm min
A em 0.5 0.3 0.8 18.6 26.7 36.2 141
B .3 .4 .6 14.1 18.8 21.5 43.3
Beao oo L1 3.3 4.5 26,0 24,5 28.1 12.5
Coftooooo . {_ ?._B_ 3 E#. 0 3.6 25,7 23.4 22,7 0.0

Soil profile section 598

Cocoon soil showing especially well preserved upper part of
profile (sampled and deseribed by M. E. Springer and R. B.
Morrison)., Localion: top of White Throne Mountains, 15 miles
south of Fallon, Nev. O line between secs. 15 and 16, T. 16 IN,,
R. 29 E., at south margin of Carson Lake quadrangle. Topo-
jraphic posttion: crest of ridge. Fxposure: dug pit. Altitude:
1,860 feet. Slope: +1 percent. Frosion: very slight to none.
Parent material: colluvium (solifluction and creep mantle) about
6 feet thick, underlain by olivine basalt of Bunejug formation.
resent eclimuate: average Mmeah annual precipitation about 6
1ches; average mmean annual temperature about 49° F.  Natural
ower; sparse, covers less than three-fourths of surface; mainly
hadscale (Airiplex confertifolia), little greasewood (Sarcobatus
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baileyi}, but sage (Artemesia spinescens), and rarely other shrub
species, together with sparse grasses {mostly Bromus tectorum)
and forbs. Most of bare part of surface covered by desert
pavement of slabby blocks and pebbles of basalt, only one stone
thick; generally oriented parallel with the surface. Top surfaces
of stones are mostly shiny dark brown, dark reddish brown, to
nearly black due to desert varnish, whereas under surfaces are
dull brownish gray or gray.
Depth  Thickness  Soil
(inches)  (lmches)  horizon

2+

Descriplion

Desert pavement of dark-brown-var-
nished, flaggy blocks and pebbles of
basalt, covering 90 percent of surface.

Pinkish-gray (7.5YR 7/2) very fine
sandy loam; structure, vesicular {(nu-
merous spherical or tubular voids X to
3 mm in diameter), moderate coarse
columnar and weak medium platy;
consistence, slightly hard, harsh, floury.
Cracked vertically to form polygonal
blocks 2}-4 in. diameter.

Abrupt smooth boundary.

Reddish-brown (5YR 5/4) clay loam;
structure, moderate medium granular
to nueiform {(upper ¥ in. is fine-
granular); consislence, slightly hard.

Clear, irregular boundary.

Light-reddish-brown (5YR 6/4) clay
loam; structure, moderate medium
granular to nuciform; consisience,
slightly hard. Some calcium carbon-
ate concretions.

Clear, wavy boundary.

Pink (5YR 7/3) to white gravelly sandy
loam, strong calcium carbonate ce-
mentation; siruclure, weak coarse
granular to subangular blocky; con-
ststence, very hard.

Gradual boundary.

Pink (5YE 8/3) to white stony sandy
loam, some calcium carbonate cemen-
tation; struciure, weak coarse granular
to subangular blocky; consistence, very
hard.

Gradual boundary.

Fractured basalt, cemented with caleium
carbonate (soil Hme).

Top

0-2. 5 286 A

2. 5-7 45 B

7-10 3 Bica

10-14 4 Cea

14-19 5 Cea

~

16-60 41 Cea

Noze—Interval from 0 to 2.5 inches is probably younger than
the Cocoon soil and hence not properly a part of s profile.

Chemical and physical properities

[Sampled and anatyzed by M. E. Springer, University of Colifornla, Berkelay]

Appar- Percent C0z from
Denth ent Percent N carbon-
Soll horizon (inches) | density ; <2mm { pPH { (whole : GfN | afes
(zfec) soll} (whale
sofl)
0. 012 0.7 0.7
L026 § 12,6 .1
.014 | 11.0 .8
L0l | 100 4,4
004 9.7
LJO0s . 6.2
__________________________ 3.8
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TABLE 11.—8oil-profile sections—Continued

Soil profile section 5985—Continued

Chemical and physical properties—Continued

Particle-size distribution
Percentage of that fraction < 2 mm (organic matter and
carbonate-free solly

Soil horlzon
2.0-1.0 | L.0-0.5 | 0.5-0.25 | 0.25-0.10 { 0.10-0.05 | 0L05-0.002| <.002
mIm mm mm mm mm mm mm

0.5 0.5 0.7 22.8 26,7 36,9 12,9

.8 ] 10 14.9 20.0 2.7 40. 3
6.5 4.8 4.7 26,2 21.8 22,9 14.1
4.4 9.0 8.7 36.0 23.0 15.6 3.3
7.2 8.3 10.0 30.9 20.3 15.9 7.4

TaBLE 12.—Logs of wells in the southern Carson Desgert area

[Weil-log numbers are consecutive with numbars of stratigraphic sections and soil-

profile sections in tables 13 and 12]

Well Iog 14L

NWYSWY; sec. 17, T. 19 N., E. 29 E.

plain; altifude about 3,950 feet.

March 9, 1949,

Carson River flood

Driller’s log of water well; awner,
Warren Whgkilehead; driller, J. B. Reynolds.

Well completed

Thickness Depth
{ feet) ( feet)
Fallon forw. ation:
Soil and sl o v e e L 3 3
35 U« 11 14
Sehoo formation:
Oy - e e 14 28
Wyemaha formation:
Sand, hard water_ - e e 5 33
Clay, blue. - - e aai e 3 41
Sand, blue water-bearing, foul-smelling__. 41 82
Clay, gray, tough_ e . 5 87
Band, clean, brown_____ ..o a... 6 93

Well log 15L

NWYNWY scc. 24, T" 18 N., R. 27 E. Terrace of Carson

River, altttude 4,012:L 3 feel.
ranch. Drilled tn 1944,

Indian Lakes formation:

Sand, water-bearing in lower 4 ft. . ____

Driller’s log of well on Ken Ogden

Sehoo formation, dendritic and lower members:

Well log 19L

SEWSWY sec. 30, T. 19 N, R. 29 E.
plain, altitude about 3,960 feet,

- 2
-- 4
- 7
- 5
-- 12 82
- 4
- 7
- 1
- L]
8

mE 0B
- 13 18
-- 14 32
- 5 37
- 5 42

—

54
58
65
70

86
93
94
100
108

Carson River flood

Driller’s log of water well drilled

LAEE LAHONTAN: GEOLOGY, CARSON DESERT, NEV.

TaBLE 12.—FLogs of wells-—Continued
Well log 19L—Continued
in 1948; owner, City of Fallon; driller, John Champion. Main
source of water for Fallon.

Fallon formation: T?ﬁﬁff” f}%"
Surface 808l - oo e 5 5
Sand, fine. .o 7 12
Band and gravel, water-bearing._.____._._ 4 16

Wyemaha formation:

Clay, sandy oo oo cemcdmmm e mmmeea 4 20
Sand, fine, and soft elay .. ..o onooL__ 13 33
Clay, hard, blue. v oo 1 34
Sand, fine and soft clay __. .. .o ... 3 37
“Tule” sand, fine, (with dark-colored or-

ganic matter), very bad odor_____..___ 32 69
Sand, coarse, and gravel; bad-smelling

waber . e 10 79
““Tule” sand, very fine_____ o _nu._ 4 83
Band, coarse, and gravel; “tule’’ (swamp)

WALET e el 8 91
Clay, brown oo e mmec oo oo 1 92
Sand, fine__ oo oo 8 100
Sand, fine, and gravel, water-bearing_.___ 9 109
Clay, brown_ .o oo 1 110
Sand, fine. . e 13 123
Clay, brown._ e m—ua 2 125
Clay, brown, sandy - ovee oo ccecemacccoma 2 127
“Tule” (organic) clay, black, soft.....__. 23 150
“‘Tule’’ (organic) elay, brown, soft, sandy__ 15 165
Sand, coarse, and gravel .. ... __._____ 2 167
Clay hard, black_____ .o 3 170

Unit unknown:

Clay, fine-sandy, and mud______________ 138 308
Clay, soft, brown__ _ . _______________ 5 313
Sand, fine, clay and mud.. - . ... ____ 17 330
Clay, light, sandy ... oo 2 332
Clay, hard, brown..- oo oo 2 334
Clay, BraY @ oo 2 336
Clay, soft, and mud o ccuueomeeao 56 392
Sand. . e cmcmmwicccdmim—en 63 455
Probably basalt of Rattlesnake Hill or Bunejug
formation:
Basalt, hard, black__ e .. 3 458
Lava, POTOUS- oo me oo nmaos 2 460
Lava, porous, slightly harder__..____.._. 15 475
LAV, POLOUS - uua oo m oo o oo e 40 515
Lava, very hard____ ... 6 521

Well lIop 20L
NW sec. 36, T. 19 N., R. 27 E.; altstude 3995 +5 feef, 1904
water {est borehole, No. 46 in Herman Stabler (written communica-

tion, 1904) report, waler level 11 fest below surface in 1904.
Thickness Depth

Wyemaha formation: (Jeet)  (feet)
Sand, coarse... e 2 2
Sand.- _ i 1 3
Bilt loam. e mmmeme oo 1 4
“Alkeali hardpan™ __ .. meoeao .5 4.5
Band e 2.5 7
Band, COATSE. .o oo m et mmemmme 3 10

2 12

Gravel e
. I
Well log 21L

SEUNEY, sec. 33, T. 19 N., R. 28 E.; Carson River flood plain,
altitude 3,982+ 2 feet. Driller’s log of water well; driller, George




STRATIGRAPHIC SECTIONS, SOIL-PROFILE SECTIONS, AND WELL LOGS

TapLE 12—Logs of wells—Continued
Well log 21L—Continaed

F. Shuey, Fallon, Nev. Drilled in 1944. Had to seal off lower
part of well; using water from pea gravel at 98-100 feet.

Thickness Depth

Fallon and Wyemaha formations: Cfeety  (feod)

Sand._ e . 22 22
Wyemaha formation:
Clay 4 26
Band with streaks of clay, aquifer_.____.___ 34 60
SBand, blaeck_ ... ... 10 70
Clay e 5 75
Sand with streaks of elay, aquifer_____.__ 18 93
Clay. i 5 98
Pea gravel, good aquifer.._...__..______ 2 100
ClA Y e e e 3 103
Gravel e 2 105
Clay . e 2 107
Sand, black, with suilfur water..._.._._.. 3 110

Well log 27TL
SWHSEY, sec. 4, T. 18 N., R. 28 E.; altitude about.3,930 + jeet.
Driller’s log of water well; owner, Ben A. Pflum; driller, Mel
Meyer. Well completed August 18, 1949.

Fallon formation: Thickness  Depth

(fees) (feet)

Topsoil o oo 10 10
Wyemaha formation(?):
Clay, OFRNEe . i mm e 5 15
Wyemaha formation:

Sand, fine_~._____._ . .__. 30 45
Clay, black (swamp deposity._._________. 5 50
Sand, black, fine_ .. __.___.___________ 5 55
Band, green-gray_ - __.________._ 5 60
Sand, gray_ .. 5 65
Sand, eoarse.____ . _..__.______ 2 67
Clay, blaek ... .. 8 75
Sand, gray_ .. 5 80
Sand, fine, blue, water-bearing______._.__ 3 83
Sand, fine, gray, water-bearing___._____._ 7 a0
Sand, fine, gray, water-bearing___..______ 18 108
Clay, green, sandy_ .. .__._ 2 110
Sand, fine, gray, water-bearing___.______. 4 114
Clay, blue. e 11 125
Sand, black and white, water bearing_.___ 22 147
Sand, black, fine, water-beacing._ __..__.__ 18 165
Sand, gray, coarse and fine, water-bearing._ 10 175

Well fog 38L
SWY sec. 28, T. 18 N., R. 89 E. U.S. Naval Avaziliary Air
Station. Altitude, aboul 3,985 feet. Driller's log of test well for
waler; owner, U.8, Dept. of Navy. Well completed February 1944.

Fallon formation: Thicknest Derta
Band. . e 11 11
Sehoo formation:
Clay, BraY - o e 36 47
Wyemaha formation:
Clay, blaek - oo 101 148
Correlation uncertain:
Clay, BEray. - oomme e ieicaee oo 67 215
Clay, soft, black___________ . _.______. 55 270
Clay, Bray oo 72 342
Clay, gray, and fine sand_ . ___..__.______ 14 356
Clay, black_ _ _____ ... __. 52 408
Clay, greenish-gray. . __ . ________.____ 142 550
Clay, gray-green e e oomooeoooo. 50 600
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TABLE 12.—Loga of wells—Continued

Well lor 38L—Continned

Correlation uncertain—Continued T’?,%’;?f“ 8«2%57)‘
Clay, BraY @ e e i 155 755
Clay, gTeen., « - e e 25 780
Clay, g8y o e 80 860
Clay, green-gray____ ... o ___ 26 836
Clay, gray, and streaks of sand__._______ 76 962
Clay, gray . e 94 1,056
Clay, gray, and sandy grit __.___..______ 24 1,080
ClaY, BT8Y o o e mm e 176 1,256
Sand, ine_ o v e cieeceees 2 1,258
ClaY, BT e o e ma e e 52 1,310
Clay, sandy, Bray oo woooe oo 17 1,327
Clay, BraY e e ca e, 3 1,330
Clay, sandy, gray_ oo L 32 1,362
Clay, Bray - e e 27 1,389
Sandstone _ _ . oo s 1 1,390
Clay, Bray e e me o cceeemae e 27 1,417
Clay, soft, gray . e 9 1,426
Clay, hard, gray, and sand__ .. __..__._-._. 2 1,428
Clay, soft, Gray e e ccccccccecem 12 1,440
Clay, EraY - c e e e 4 1,444 .
Clay, gray, some sand streaks. . ..o ___ ... 28 1,472
Clay, grimy, green. - oo oo eeee From 1, 472

Note—Total depth reported o be about 1,700 feet, Drlller reported Iragments of
what appeared o be flne-grained waterlaid tuff irom bottom of well.

Weil log 51L

SEYNWY sec. 18, T. 17 N., E. 28 E. Plain northeast of Carson
Lake; Jones and Jewell ranch; allitude 3,918 + & feet. Driller's log
of test well for oil and gas drilled August 1, 1921 to October 1928, for
Syndicate 0il Co. (also known as Miller -Syndicate 01l Co. and
Syndicate 0il and Gas Co.}). Reported total depth either 3,132 or
3,300 feel (Richards, 1847); rotary rig used lo 3,036 feet; churn-
drilled below. Well already abandoned when visited in 1947.

Fallon formation: T’?ﬁ;ﬁ'f” ‘?fﬂj"
Surface. o e e mmmeim—m——————— 20 20
Sehoo formation:
Clay, stieky, yellow. . oo oo o __- 25 45
Wyemaha formation:
Sand and gravel __________________._ 30 75
Clay, blue_ _ - 15 90
Gravel. o o o e aee 25 115
? Gumbo, black, gas showing_____.____. 15 130
Gumbo, black_ .o 64 194
Correlation uncertain:
Bhale(?) nu o crmm e ecmmccmc— e 2 196
Gumbo and sand . - L __._.- 54 250
Sand_ e meeimeo . 85 335
Sand, hard___ . ____ 3 338
Shale, soft, gray .. ______ 10 348
Sand, fine_____ e~ 20 368
Sand, COArSe . - - e cmme e 13 381
Shale, hard, sandy - o ucco__ - 16 397
Sand, hard ___ _ ..o 34 431
Sand, fine.___ e 10 441
Sand, hard ___ . 4 445
Creviee. . e 1 446
Sand, fine__ e 7 453
Sand, hard___ e 10 463
Shale, rotten (emelling?), black; turns
gray on exposure to air. ... ____ 10 473
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TaBLE 12.—Logs of wells—Continued TaBLE 12—Logs of wells—Continued
Well log 51L—Continued Well log 51L—Continued

‘on uneertain—~Continued T’?ﬁ:‘g)‘" %}‘gfg' Correlation uncertain—Continued TM%’}?gff ﬂgﬁ?
E I i T 7 480 Bhale, hard . . . ___ 7 1,104
1, very hard; small crevices and thick Bhale L 10 1,114
rd shells’ . e e g 488 Sand, hard_ . _.__ 13 1,127
L, B0 o e 12 500 Bhale, sandy - ... 7 1,134
e, sandy, gray._ .o oo __.___ 11 511 Sand, coarse- ... 21 1,155
1, hard, some shale_ . ... _______ 17 526 Band, hard...________________________ 3 1,158
T4 6 532 Shale, sandy. . __ . ___________. 42 1, 200
e, sandy, gas showing at 544 ft____ 14 546 Band, hard_— ..o 3 1,203
2, ETRY; CTEVICE . - ool 9 555 Shale, hard 1 1,204
g, Band streaks ..o .__ 10 565 Shale, hard, sandy, slow drilling ------- 4 1, 208
2,808V 5 570 Shale, hard_ _ _ _ .. 2 1, 210
3 harda e e 13 583 Shale and streaks of hard sand..__ ... 9 1,219
ytough, blne_ .o ___ 8 501 Shale, sandy ... 3 1, 222
e e e e 6 597 Shale, sandy, gray__ .. ____.. 28 1, 250
2, hard . 21 618 Shale ___ __ i _ 16 1, 266
,tough, blue____________ ... ___ 5 623 Limestone shale, hard_ _______________ .5 1,266.5
whard. .. 14 637 Shale, sandy_ _ . . _.__________.___ 9.5 1,276
,tough, blue_________________.._. 6 643 Limestone shale, hard_ __..____________ 1 1,277
_______________________________ 7 650 Shale, blue, with limestone streaks____._ 11 1, 288
sveryhard_ oL _______. 2 652 Band. oo 2 1, 290
sovery hard_ .. ______ 0.7 652. 7 Limestone shale_ _ _ ... _._._.____ 2 1, 292 1
andshale__ .. . _____________ 15. 3 668 Shale, blue. . ___ . 16 1,308
candshale. ___ ______ o eo._. 3 671 Shale, blue, and limy shale beds_______ 54 1, 362
ysandy. ... 13 684 Shale, blue___._._._ . _______ . ____ 4 1, 366
2y BIBY e e e 7 691 Band, hard___. oo ___ 2 1, 368
s8andy .. 12 703 Rocke e 1 1, 369
g COATSE . o e oo 3 706 “QUAIE" e e e 5 1,374
wsandy_ e 6 712 Conglomerate {7), very hard....__._.__ 3 1,377
y, blue . 9 721 Conglomerate {?), extra hard___......__ 4 1, 381
, coarse, water at 725 fto . ___.____ 5 726 Conglomerate (7}, extremely hard___... 1 1, 382
yhard_ e C 4 730 “Lime,” blue, with thin shale streaks;

yhard ol 9 739 very hard; gas showing__ .. ...... 59 1, 441
gray, andsand_ . _____ ... 9 748 Shale, soft, blue___ . ____________ 5 1, 446
sharde . _.__. 7 755 Shale, hard_ __ _ ____________________ 4 1, 450
v with sand streaks.___ .. .. _____. 8 763 Bhale, blue_________________________ 7 1, 457
e e e e e e e 9 772 Shale, hard_ ___ ________ L _.__ 3 1, 460
wesandy. ... __.____ 6 778 Shale, blwe..____.____________..__. 3 1, 463
e e e e s 12 790 Sand. L manaan 7 1, 470
________________________________ 7 797 Shale, hard. - . .. 4 1,474
whard. . i 708 Shale and sand, strong gas showing___. 8 1, 482
weofb . L o __ 6 a04 Shale_ 4 1, 486
yeoarse, hard _ _ _________________ 10 814 Shate and sand_ . .. _.________ 18 1, 504
yeandy . .. ____ 8 822 Shale, gray oo e 14 1, 518
________________________________ 7 829 Roek_ e .5 1,518.5
whard . _ ... 1 830 Shale and “oil” sand_ __ ..o oirun.. 1.5 1,520
yhard L _. 7 837 Shale. . o mcaan 28 1, 548

sbtieky _____ . 13 850 Sand, hard ..o 4 1, 552
JHne o __ 10 860 Sand and shale. _ ..o .. 13 1, 565
, bough, gray. .. __ 42 202 Sand, hard, and shale_ . _____________ 22 1, 587
,, bough, gray, with sand streaks_._ 20 922 Shale . 31 1, 618
y tough, gray ... 8 930 Shale, very hard._ . _ ... 8 1, 626
JAne. e __. 12 042 Sand and shale_ .. _____ . _______._._. 36 1, 662
yhard, and elay_____ .. _.________ 17 959 Rock. e 5 1, 667
, fine; andshale_______..__.______ 20 979 Shale___ e 11 1, 678

with sand streaks.._____._..____ 25 1,004 Sand and shale_ _____ .. ____ ) 12 1, 690
.8andy .. _ 19 1,023 SBand, hard .. _._ 5 1, 695
_______________________________ 34 1, 057 Bhale 25 1, 720
shardo 5 1, 062 Band.____ . S 11 1,731
_______________________________ 12 1, 074 Band, bard_ ... . 2 1,733
vhard. ... 6 1, 080 Band and shale; erevice, lost circulation_ 21 1,754
_______________________________ 17 1,097 Shale o oel_ii_u.. 26 1,780
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TaBLE 12.Logs of wells—Continued
Well log 51L—Continued
Phickness Depfh

Correlation uncertain—Continued (feet)  (feet)
Shale, hard, gas showing...o.——no-._ 1 1,781
Sand, shaly; crevice, lost eirculation.__ 13 1,794
Shale el 4 1,798
Shale, hard, sandy _eueomcmcmaaae 1 1, 799
Shale, lost eireulation. . .. ____.___.. 4 1, 803
Shale, soft, blue_ _ .. oL 33 1, 836
Shale, sticky, g00eyomu e cemoeo . 24 1, 860
Sand, fine. e 5 1, 865
Shale, Bray o oee oo 14 1, 879
8and, hard___... e m—————n 2 1, 881
Shale, gray_ e man s 35 1,916
Sand, hard . s 5 1, 921
Shale e e 17 1,938
Sand and shale_ o cu oL 32 1, 970
Shale, hard . _ .~ . 4 1,974
Sand and shale_ ___ __ .. _ . __.__. 21 1, 995
Shale_ v o 35 2, 030
Sand, hard - oo 5 2,035
Shalee oo e 25 2,060
Sand, hard. .. oL ] 2, 066
Bhale. o 20 2, 086
Shale, brown_ .o 14 2, 090
Sand, hard___- oo 6 2, 096
Sand and shale. oL 24 2,120
Band, running- - . L 14 2,134
Bhale. L 19 2, 153
Sand, hard. o 7 2, 160
Bhale. e ae 32 2, 192
SBand, hard, and shale__. .. _.__ 20 2,212
Quicksand_ _ .o 16 2,228
Sand and shale_ . oo 30 2, 258
Lime, blue_  _ce oo 2 2, 260
Shale, sticky, blue_ - .. ____ 12 2,272
Sand and shale_ .. _ . __.. 22 2, 294
Shale, sticky, blue_ _ __ . _____.___.___ 44 2, 338
SBand, hard e 3 2,341
Lime, white___ e 6.5 2,347 5
Sand, hard _____ e 3.5 2351
Shale, sticky_ e 43 2,394
Clay, sticky o i maee s 15 2, 409
Shale, nonBandy - - onocrmem e 10 2,419
Bhale, sticky_ _ . oo 12 2, 431
Shale and sand - e - oo ooaoo_.. 73 2, 504
Sand. L. 40 2, 544
Shale, stieky _ _ o e . 60 2, 604
Sand, fiNe o oo 16 2,620
Shale, hard.. - e e 16 2, 636
Bhale...ee e c e m e 48 2, 684
Sand, hard__ e 14 2; 698
Sand, fine, gas showing__.___________ 11 2,709
ShAle_ . e o e 26 2,735

e —D. F. Hewett, of the U8, Geclogieal Survey, visited this well in May-1922,
when it was 2,845 feet deep. He reported (U.S. Geol. Survey opon-file report
1922): water favel stood 300 feet below surface, gas bubbled up from outside the
casing and was under slight pressure in casing cuttlngs were “largely greenish
shaly clay, probably derived from finely divided water Ipid tuff, snd no voleauls
fow or brecels material was recognized. Cuttings contasined minute shells,
which in field were considered to be gastropods and bivalves, Speclmens were
submitted to the National Museum, but the only fossils found were simple ostra-
cods considered to be derived from fresh water Tertiary rocks.” R. W. Rich-
ards (7.8, Qeal. Survey open-flle report, 1947} mentioned that varfous items In
the Churchlll County Eagle between June 10, 1922, and October 1923 stated tha
the well reached 3,036 fect with rotary equipment, then was deepened either 96

TaBLE 12~—Fogs of wells-——Continued
Well log 52L
NWUSEY gec. 13, T. 17 N., B. 28 E. Former bed of Carson
Lake; altitude, 8,980 feet. Driller's log of water well; well owner,
George Dalton; driller, George Norcutt.
Thickness Depih

Fallon formation: (feet)  (feety
Topsoil o e e e 8 8
Band - oo e 2 10

Behoo formation:

Clay, yellow. . v e e 40 50

Wyemaha formation:

Bludge, black__ . .. 30 80
Clay, blue. _. e 6 86
Bludge, black_____ . .. _. 23 109
Clay, blue- _ .o i 7 116
Siudge, black. .« .. . 9 125
Clay, blue -« o wueo oo 3 128
Sand - o el 2 130
Clay, yellow. _ _ .. 4 134
Sludge, black oo 3 137
Clay, blue. - oo e 31 168
Sludge, black v e e 3 171
Clay, DI - - e 13 184
Sludge, blaek ___._____________________.. 3 187
Clay, blue- .o _ou___._. e —ememmm 8 195
Sludge, blaek . . ______ 5 200
Clay, yelow . . - v e e 9 209
Sludge, black__. .. oo e aa_ . 5 214
Correlation uncertain:
Clay, blue -« e e 6 220
Band e e 2 222
Clay, blue - v oo 18 240
Clay, yellow._ _ _ . _ oo 10 250
Clay, blue- -« oo e 71 321
Band, water_. ..o 49 370
Clay, blue- - . oo e 51 421
Limestone, white_ _ ..o _. 2 423
Clay, blue_ _ . oo ae 17 440
Sand. - e 1 441
Clay, blue_ - - oL 7 448

or possibly 284 feot by cable-tool, between September 1922 and October 1023,
Tn‘TJune 1922, §)4-lnch casing was set at 2,600 feet; later this easing was pulled
and 4-in¢h casing was run to 3,035 fect and 3 Inch to 3,128 feet; 70 feet of hard
sandstone with ‘oll and gas showing' is reported below about 2,875 feet, and
belown3,128 feat, very hard sandstons, with drilling rates from I to 3 fest & doy,
and a **strong gas show’! between 3,147 and 3,152 feet. Richards reported, how-
ever, that C. D. Murray, who did most of the eable-tool drilling, recollected in
1946 that most of the sectfon was soft shale.

FOSSIL-MOLLUSE LOCALITIES

Symbols in parentheses, following the locality num-
bers, are field-locality designations. Mollusk species,
determined by J. E. P. Morrison, U.S. Geological Sur-
vey, are listed in table 7.

B-1. (N2-80.) Lithoid tufa of Eetza formation, containing
snail shells. Float fragment in eolian sand of Wyemaha
formation, at boundary hetween oxide and calcarecus hori-
zons of Churchill soil. Hast bank of west gully in
Churchill Valley, 1,000 feet west of Sehoo Mountain, SWi4
sec. 15, T. 18 ., R. 30 E.; altitude 4,1307=20 feet.

-7, (N3-109, H-17). Qastropods in granule-sand, heuneath
cellular tufa-cemented pebble gravel. TLower memhber of
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hoo formation, probably transgressive phase, Southeast
ze 0f White Throne Mountains, altitude about 4,275 feet.
W sec.16, T.16 N, R. 29 E.
N3-110, H-12). Gastropods from 25-foot bed of silt,
ow 6 feet of cobble gravel. Transgressive phase, lower
mber of Sehoo formation. Northern White Throne
mntains, altitude 4,230 feet, BEL4NEL] sec. 9, T. 16 N,,
20 B.
‘N341, H-5). Gastropods from lower part of 20-foot
josit of marly silt. Tower member of Sehoo formation,
thably transgressive phase. Northwestern White Throne
mntains, altitude 4,190 feet, SE1{NWI see. 11, T. 16 E.,
20 E.
(UC-L). Gastropods in fine pehble gravel, § feet below
;al guano layer. Lower member of Sehoo formation.
snard rock shelter archaeologic site, 11 miles due south
m Lovelock, Nev,, on northwest piedmont of West Hum-
dt Range, altitude about 4,175 feet.
(N3-99, H-3). Gastropods in yellow marly silt, trans-
ggive phase, lower member of Sehoo formation. South-
tern White Throne Mountainsg, altitude 4,320 feet.
ANBY sec, 15, T. 16 N, R. 29 E.
{N3-98, H-4). Snails in sandy gravel, 20 feet strati-
phically below cellular tufa-cemented cohble gravel.
imsgressive phase, lower memhber of Sehoo formatiom.
rthern White Throne Mountains, altitude 4,290 feet.
¥4 sec.10, T, 16 N, R. 20 K,
(N2-80, 210B). Gastropods in sand, interstitial in and
Tlying boulder gravel, 3.2 to 5.2 feet below surface.
insgressive phase, lower member of Sehoo formation.
g pit, south side of hill west of Sehoo Mountain, altitude
0 feet, NWILINWI sec. 22, T. 18 N, R. 30 K.
{N2-80, 210D). Gastropods in cellular tufa at same
+; about 2 feet above F-13. Transgressive phase, lower
mber of Sehoo formation,
(N2-73, R—1a). GGastropods, in sand 6 feet strati-
phically below and at same site as F-16. Transgressive
i8e, lower member of Sehoo formation.
{N2-73, R—-1h). Gastropods in 3-foot granule-sand bed,
rlain by 3 feet of pebble gravel at top of bay bar, same
: a5 I~15. Regressive phase, lower member of Sehoo
mation, Saddle bebween Sehoo Mountain and Eagles
use, altitnde 4,330 feet. NE14 sec. 23, T. 18 N, R, 30 E.
{N2-80, (-2). QGastropods, in pebbly sand of lower
nher of Sehoo formation (probahly regressive phase).
ne site as locality F-1, except about 20 feet stratigraphie-
rhigher, altitude 4,210 feet.
(N7-10, R—2). Gastropods in pebbly sand. Regressive
se of lower member of Sehoo formation, overlying cel-
¢ tufa-cemented gravel of this member. One-guarter
e southeast from 4,398-foot summit, Bunejug Mountains;
22 {unsurveyed), T. 17 N., R. 30 E,, altitude 4,200x20

(N2-81, R—x%)}. Gastropods in sandy fine gravel. Re
ssive phase of lower member of Sehoo formation.
.th terrace embankment on west side of Sehoo Moun-

L altitude 4,325 feet. NWYNWIY, sec. 15 T. 18 N,
E.

5 @. 194). Gastropods in sand. Regressive phase

uber of Sehoo formation. Tiny spit at north-

% Mountain, altitude 4,090 feet. SELREY
D E.

F-21. (N3-99, H-Z2). Gastropods from perlite sand overlying
yvellow marly -silt, at same site as P-11. Lower member of
Sehoo formation, probably regressive phage.

F-22. (N2-80, 210F). Gastropods in silt and fine sand over-
lying ecellular tufa, 1 to 21% feet below surface, same site
as F-13. Probably regressive phase, lower member of
Sehoo formation.

F-23. (N7-106, P-1). Gastropods from gravel of lower mem-
ber of Behoo formation. East fromt, Cocoon Mountains,
0.65 mile south-southwest from northeast corner of Allen
Springs quadrangle; altitude about 425 feet.

F-24, (N8-30, B—7b). Gastropods, in sand 3 to 6 feet below
top of stratigraphic section 55. Lower member of Sehoo
formation, probably regressive phase. Northeast side,
Cocoon Mountains; altitude 4,320 feet; 0.2 mile northwest
from 4,645-foot summit.

F-26. (N2-124, P-4), Gastropods from sand of upper memn-
ber of Sehoo formation., Northeast side, Bass Flats, alti-
tude 3,960 feet, NWI, sec. 4 (unsurveyed), T. 18 N,
R.30 E.

F-29. (N3-14, R-x5)}. Snails from lake sand of first lake unit
of Fallon formation. SE4SWI sec. 24, T. 19 N, R, 20 E,;
altitude 3,929 feet.

F-30. (N3-123, R-x1). Gastropods from lacustrine sandy silt,
3 to 7% feet beneath surface, of first luke unit of Fallon
formation. Drainage-canal exposure 2 miles southeast of
Fallon, altitude 3,945 feet; SENE1{ sec. 4, T. 18 N,
R.20E,

F-31. (N3-129, R-1). Snail and clam shells from lake sand
of first lake unit of Fallon formation, 14 mile west of
Carson River and 6 miles north of Fallon; altitude 3,945
feet ; NE SE1 sec. 33, T. 20N, R. 29 E.

F-32. (N1-248R, R-1). Gastropods from Lacustrine clayey
silt and silty sand, 41 to 5 feet below surface. Probably
first or second lake unit of Fallon formation. DBorehole
on crest of low ridge, northwest side of Stillwater Lakes,
altitude 3,880 feet; NW14, sec. 22, T. 21 N, R. 31 E.

F-33. (N3-82, R-2). Snails and clams in distributary-chan-
nel sand and lake sand (at surface) of second lake unit
of Fallon formation, 6 miles northeast of Fallon, altitude
3,920 to 3,930 feet; SW cor, sec. 2, T. 19 N,, R. 20 E.

F-34. (N2-128, R-3b). B8nails and clams from fine gravel
(bar deposit), second lake unit of Fallon formation. Wild-
cat scarp east of Carson Lake, altitude 3,027 feet.
SE1,8W1 see. 29, T. 17 N.. R. 30 K.

F-35. (N2-135, R-x1), Gastropeds and pelecypods from sand
of second lake unit of Fallon formation. West side Turn-
pah PFlat, altitude 3,930 feet; NEL NW1; gec. 32, T, 18 N,,
R.30E.

F-36. (N2-174, R-1). Snails in sand of second lake unit of
Fallon formation, 1 mile south of U.8. Highway 50 at Grimes
Point, altitude 3,927 feet; NEWNE, sec. 31, T. 18 N,
R.30E.

F-37. (N2-137, P-1). Snails and clams from sand of second
lake unit of Fallon formation, 400 feet up L-Drain Canal
from junction with Diagonal Drain; altitude 3,925 feet.
NELNEY sec. 17, T.18 N, R. 30 E.

F-38. (N3-144, B-1). Snails from sand of third lake unit
of Fallon formation, 1 mile west of Wolf Dam, altitude
3,915 feet. NEWUNEY sec. 20, T. 20N, R: 29 E.

F-39. (N3-12, R-4). Snails from sand of third lake uvmnit
of Fallon formation. SELf sec. 12, T. 19 N, R, 29 E,, al-
titude 3,910 feet.
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F-40. (N3-12, R-1). Gastropods from sgnd of third lake
unit of Fallon forthation. SWi4 sec. 12, T. 19 N, R. 29 E,
altitude 3,908 feet.

F-41. {(N3-57, R-2). Gastropods from sand of third lalke

unit of Fallon formation,
R.29 E,; altitude 3,913 feet.

F-42, (N2-174, R-2). Gastropods and pelecypods from sand
of third lake unit of Fallon formation. East side Carson
Lake, altitude 3,920 feet. NWINE14 sec. 31, T. 18 N,
R. 30 E.

F—43. (N2-128, R—2). Clam and snail shells from fine pebble
gravel (beach-terrace deposit) of third lake unit of Fallon
formation. East side Carson Lake, altitude 3,920 feet.
SEY,SWIL sec. 20, T.1TN,R. 30 E.

745, (N1-205R, R-1). Gastropods in lake sand of young
lake and interlake unit of Fallon formation, 134 miles south-
east of Canvasback Gun Club, altitude 2,895 feet.
SW1L8W14 sec, 34, T.20 N, R. 31 E.

46, (NI-200, B-1}). Snails in lake sand of young lake and
interiake unit of Fallon formation 14 mile south of Carson

. Sink, altitude 3,830 feet, NWI4 sec. 17, T. 21 N, R. 31 E.

‘47, (N1-200, B-6). Snails from surface lake sand of young
lake and interlake unit of Fallon formation, 1 mile south
of Carson Sink, altitude 3,878 feet, NWNE14 sec. 20,
T.21N,R. 31 E,

—48. (G82-156, B-12). Gastropods from lake sand of young
lake and interlake unit of Fallen formation, % mile south
of Leter Ranch, altitude 3,880 feet.- SW4SE14 sec. 24,
T.21N.,R. 20 E.

~49, (N1-206R, R-1B}. Snail and clam shelis from lacus-
trine sandy clay of young lake and interiale unit of
Fallon formation; exXposed in canal bank, 1 foof below
surface, 114 miles southeast of Canvasback Gun Club, alti-
tude 3,890 feet. SENWI4 sec. 34, T.20 N, R. 31 B.

50. (N2-95, R~1). Snails (agsociated with nodules of
lithoid tufa) in lake sand of young lake and inferlake unit
of Falton formation, 1 mile east of Little Cottonwood Lake,
altitude 3,887 feet. SEYSEY sec, 10, T. 20 N, R. 31 E.

51, (N2-93, R-1). Snail and clam shells from lake sand
of young lake and interlake unit of Fallon formatiom, 2
miles south of Big Cottonwood Lake, altitude 3,895 feet.
NWILLNWY sec. 27, T.20N,,R. 30 E.

SE18EY sec. 11, T. 19 N,

153

FP-52. (N3-03, H-1). Snails from lake sand of young lake
and interlake unit of Fallon formation; from surface of
small island in northern embayment of Carson Lake, alti-
tude 3,909 feet. NEI4 sec.10, T. 1T N,, R. 20 B,

F-53. (11-17-no. 1). Mussel shells from surface Jake silt,
young lake and interlake unit of Fallon formation., Near
south edge of Oarson Lake, altitude 3,909 feet. NWILNEL
sec. 5, T.16 N., R. 20 |,

F-54. (N1-196, R-1). Clam and snail shelis from lake sand
and silt of young lake and interlake unit of Fallon forma-
tion, 1 mile northwest of Millens Channel, west of Still-
water Lakes; altitude, 3,875 feet. SELNWIY sec, 5, T. 20
N,R.31E

F-55. (WN3-66, B-1). Gastropods and pelecypods from lake
sand of young lake and interlake unit of Fallon formsation,
114 miles southwest of Leter Ranch; alfitude, 3,880 feet.
SW14 gec. 23, T. 21N, R. 20 E.

F-56. (N3-73, B-3). Gastropods from lake sand of young lake
and interlake unit of Fallon formation, 2 miles west of Leter
Ranch, altitude 3,880 feet. NE4S8EI4 sec. 22, T. 21 N, R.
29 1.

57, (G82-83, no. 3). Gastropods from lake sand of young
lake and interlake unit of Fallon formation, 2 miles south
of Carson Sink, altitude 3,885 feet. SWI,EW4 sec. 24, T.
21 N, R. 30 E.

P-58. (N3-68, B-2). C(lam from lake sand of young lake and
interlake unit of IPallon formation. South. edge of Carson
Sink, altitude 3,875 feet. NWLSWI sec. 11, T. 21 N., .
29 E.

F-59. (N1-200, B-7). Snails from lake sand of young lake
and interlake unit of Fallon formation, 1 mile south of Car-
son Sink, altitude 3,870 feet. NEWNE4 sec. 20, T\ 21 N,
R. 31 E.

F-80. (Ch. Nar.) Snails from surface of marshy meadow,
floor of Churchill Narrows, % mile from north end, near
Wabuska, Nev. (Present-day forms.)

F-61. ({N3-152, 234). Present-day snails from mud in bottom
of drainage canal, 134 miles east of Fallon. NE%4SE, sec.
32, T.19N.,R. 29 E.

62, (Reg. Res.). Present-Iay mussel shells from shore of
S-Line Regulating Reservoir, 114 miles east of Rattlesnake
Hill. NW1 sec. 22, T.19N.,R. 20 B,
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